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Table 2 Prediction of participation or declining to trials
Univariate analysis® Multivariate analysis”
Odds ratio (95% Ci) P-value Odds ratio (95% CI) P-value
Gender (male vs female) 1.008 (0.586—1.733) 0977 0.646 (0.300 - 1.391) 0.264
Age (<60 vs >60) 0735 (0.432- 1.250) 0.254 0701 (0376 - 1.310) 0.266
Smoking history (+ vs —) 1.394 (0.815~2.386) 0225 2538 (1.162 -5.541) 0.019
Clinical stage (lli vs V) 0.608 (0.339-1.089) 0093 0.681 (0346 1.340) 0.266
PS(Ovs 1) 1.398 (0.792-2.467) 0.247 0.785 (0.396 - 1.554) 0.487
Physicians (A—E) : <0001 <0001
Abbreviations: NP = non-participant; P = participant; PS = performance status; ROD = rate of declining. "By Pearson's x’-test. "By logistic regression analysis.
Table 3 Number of courses of the first-line chemotherapy
Clinical trial | Clinical trial 2
Participants Non-participants Participants Non-participants P-value
100 16 96 57
First-line cycles
t 10 (109%) 4 (25%) 6 (12%) 4 (9%) 0418"
2 18 (18%) 4 (25%) 8 (16%) 12 (27%)
3 37 (37%) 7 (44%) 5 (10%) 9 (20%)
=4 35 (35%) 1 (6%) 30 (61%) 20 (44%)
Gefitinib median duration (day) 73 99 018"
Range 13-752 34-- 1065
IQR 29--204 385-512
Abbreviation: IQR =interquartile range. *By Pearson’s x*-test. ®By log rank test,
smoking history, tumour histology, clinical stage or PS was Table 4 Treatment after the first-line chemotherapy
observed (Table 2). There were, however, large differences in the
rates of decline among the atteniding physicians who informed the Participants Non-participants
patients about the trials and asked them to participate (P<0.001). 196 (%) 73 (%) P-value®
The treatment regimens for those who declined participation in )
the clinical trials were as follows. The majority of those who  Chemotherapy regimen
. s e ie s . . 0 26 40 0.108
declined participation in Trial 1 selected one of the four platinum- | 38 %
based combination regimens presented in the trial: cisplatin— 2 2 75
irinotecan. 4, cisplatin-vinorelbine: 3, cisplatin-gemcitabine 1, 3 9 8
carboplatin - paclitaxel 4. Three patients in Trial 1 desired to have >4 5 |
no more active treatments and opted for supportive care only,
but later received active treatment at their referred hospitals. The Radiotherapy 49 34 0.031
detail of their.therapy is. unknown. Pleural or pericardial drainage 10 5 0.227
The majority of those who:declined participation: in- Trial 2 ?Pemt'on on metastatic brain I 3 0.122
selected  carboplatin-based ' combination -chemotherapy: . carbo- umors
p 3 PY: CAIDO" orly-phase trials 3 8 0300

platin = paclitaxel: 34  and: carboplatin - gemcitabine ‘11, there by
reflecting the shift to carboplatin for advanced NSCLC in Japan at
the time: of Trial 2, on the basis of the reports on the activity of
the carboplatin-based regimens (Kelly et al, 2001; Schiller et al,
2002; Ohe et al, 2007). Twelve patients (21%) selected gefitinib as
first-line chemotherapy.

Survival was analysed for all of the 196 participants and 76
of. the non-participants.. Post-therapy was . analysed. for . all
of the 196 participants: and. 73 of the non-participants, who. were
treated at our: centre. There.was one possible treatment-related
death due to perforation -of the colon during gefitinib. treatment
in-Trial 2. No other: toxic: deaths were observed among either
participants.-'or -non-participants.. More participants of . both
the clinical: trials were given: four cycles: or more: of the first-
line'- chemotherapy, - probably - reflecting. protocol - regulations
(Table 3).

Table 4 summarises the treatment after the initial therapy. There
were- no- significant - differences: between’ participants. and non-
participants in the number of chemotherapy regimens. Six (8%) of
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2By Pearson's y -test, "Patients received first-line chemotherapy only.

those who declined participation in the trial later participated in
early-phase clinical trials of experimental therapies.

We have observed no clinically relevant differences in the clinical
outcomes between participants and non-participants (Table 5).
Clinical response to the initial therapy was analysed for all of the 196
participants and 73 of the non-participants, excluding three patients
who were not treated at our institute. The response rate was 30.6% in
participants and 34.2% in non-participants (P =0.325). The median
follow-up time-at our centre was 388 days for participants and 406
days for non-participants, which was not statistically different.

The OS was not different between participants and non-
participants (Table 5-and Figure 1); with a hazard ratio of partici-
pants vs non-participants of 0.998 (95% confidence interval:
0.76~1.32). No significant difference in OS was observed either in
Trial 1 (Figure 2) or in Trial 2 (Figure 3).
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Table 5 Clinical outcomes

Clinical trial 1

Clinical trial 2 Total

Participants  Non-participants

Participants  Non-participants  Participants  Non-participants  P-value
Response rate (%) 29 125 323 40 30.6 342 0.569"
(29/100) (2/16) (31/96) (23/57) (60/196) (25/73)
Median follow-up time (day) 329 339 493 444 388 406 0.846¢
Range 45-2704 12176 36-2036 22-1688 36-2704 | -2176
IQR 177665 59-582 2]13-861 175-658 197 -742 146 - 604
Median survival time (day) 416 408 573 519 489 461 0.987¢
Range 34-2704 53-2380 40-2036 35~ 1688 34-2704 35-2380
IQR 264-815 140-698 251-938 276~ 1012 259-863 229-774
|-year survival (%) 560 632 65.6 649 60.7 64.5 0.567"
2-year survival (%) 294 2014 385 298 339 276 0.379"
Abbreviation: IQR = interquartile range. *Excluding three patients who did not receive active treatment at our center. YBy Pearsan's x*-test. By log rank test.
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Figure | Overall survival of those who declined to participate in

randomised trials (blue line, n = 76) as compared with the participants (pink
line, n=196). No significant difference can be observed.
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Figure 2 Overall suNival of those who declined to participate in Trial |
(blue line, n'=19) as' compared with the participants (pink line, n=100).
No significant difference can be observed.
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Days after start of the therapy

Figure 3 - Overall survival of those who declined to participate in-Trial 2
(blue line; n = 57) as compared with the participants (pink line, n=.96). No
significant difference can be observed.

With the Cox proportional hazards model adjusted for:gender,
age, smoking history, clinical stage-and'PS; the hazard ratio of
participants: vs non-participants - was 0.965 (95% confidence
interval: 0.73=1.28, P=0.805). Among the patient characteristics,
PSwas the ‘only significant  factor -associated “with'"OS. in
multivariate analysis (P=0.006, by Cox proportional model).

DISCUSSION

It has been argued that trial participants have better outcomes than
those who' are not ‘enroled in clinical trials. Several investigations
Have reported “a  favourable overall trend  with trial " entry
(Braunholtz et gl, 2001; Peppercorn et al, 2004; West et-al, 2005).
This ‘trial effect’ could derive from several factors, such as protocol
effect (the way treatments are delivered); care effect (extra care
related to data gathering), Hawthorne effect (changes in doctor or
patient behaviour onthe basis of ‘the knowledge that they are
under observation) or placebo effect (psychologically. mediated
benefits) (Braunholtz et al; 2001; Peppercorn: et al; 2004).

In ‘majority - of - the reports- comparing - outcomes between
participants ‘and non-participants of clinical trials, however, the
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non-participant ‘controls’ were chosen from differently pooled
database, which could include baseline imbalances between groups
and hindsight bias (Davis et al, 1985; Braunholtz et al, 2001;
Peppercorn et al, 2004). In this study, we compared the
characteristics and outcomes of those who met the eligibility
criteria but declined to participate in randomised trials, and
instead chose to receive standard therapy. We thus aimed at
excluding confounding factors as much as possible.

On the other hand, physician triage is pointed out to be one of
the barriers to cancer clinical trial accrual (Lara et al, 2001; Corrie
et al, 2003; Go et al, 2006; Ho et al, 2006). We excluded the barrier
by making it a rule to offer clinical trials to every patient with
advanced NSCLC who satisfied the eligibility criteria.

The response rate, MST, 1-year and 2-year survival rates were all
similar in both groups. We have to admit that response evaluation
might not be as strict in off-protocol therapy. However, the hazard
ratio for the OS was very close to 1. Although the confidence
interval of 0.73 to 1.28 could not rule out the existence of clinically
important difference in the treatment effect, it could not by any
means be taken as a clinically relevant prognostic factor. We thus
believe this confidence interval of the adjusted hazard ratio, 0.73 -
1.28, was narrow enough to justify the conclusion that the clinical
outcomes of trial participants' and non-participants were not
different in our study. The differences in the number of cycles of
chemotherapy given to participants and non-participants may
suggest. the so-called protocol effect (Braunholtz. et al, 2001;
Peppercorn et al, 2004), in which explicit careful description of
treatment regimens could lead to improvement of outcomes. On
the other hand, there clearly existed no ‘care effect’ representing
the differences in incidental aspects of treatment or care between
participants and non-participants, which the protocol may require,
such as extra follow-up or extra nursing care (Braunholtz et al,
2001; Peppercorn et al, 2004). In our cases, the same treatment
teams took charge of and followed both groups of patients'in the
same mannet, and found no differences. in. the post-treatment
characteristics or follow-up periods. Thus, our first finding was
that the clinical trials themselves seemed to have no influence on
the outcomes or pattern of care of the patients.

The second finding was that we could not find any demographic
characteristics to influence the patients’ willingness to participate
in clinical trials. Taken together with the first finding, both the
characteristics and outcomes of the non-participants were very
similar to the participants. This would imply that the participants
ably represented the whole patient population of the disease status
who met the eligibility criteria, and that conclusions from the
clinical trials could be generalised.

Our study, however, could only show the similarity in the
prognosis of the participants and non-participants, and, unlike an
earlier report (Link et al, 1986), not that of the treatment effect
itself. This could not be evaluated because there were no significant
differences in the clinical effect between the arms in both Trial 1
and Trial 2. If newer, much more effective experimental treatment
were presented in the trials, the outcome could be better in trial
participants, which was the case in the adjuvant chemotherapy
trial for osteosarcoma (Link et al, 1986). In that report, eligible
patients who declined randomisation, but were given adjuvant
chemotherapy, also had better outcomes. Therefore, a very
effective treatment could lead to a better outcome both on and
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off trial. Ideally, strict comparison of the effects of the study
participation itself would require randomised design of the trial
participation (Braunholtz et al, 2001; Peppercorn et al, 2004),
which is almost impossible to conduct.

Thirdly, the declining rate seemed to be influenced by the trial
design. Trial 1 was the comparison of four similar platinum-
doublet regimens. On the other hand, Trial 2 was the comparison
of two arms with sequentially different types of chemotherapy. In
general, people might have the impression that injection therapy
would be more effective, and less convenient, than oral adminis-
tration. It is easy to understand that more patients felt difficulty in
accepting the randomisation of different types of therapy, such as
Trial 2 (Schmoor et al, 1996; Jenkins and Fallowfield, 2000),

The declining rate also seemed to be greatly affected by the
attending physician. The attending physician with longer experience
as a thoracic oncologist tended to have lower rate of declination.
Even though we do not have records on who actually informed the
participants regarding the trial, residents or trainees under Physician
A seemed to have had more chance to lead the consultation, which
might have affected the rate of declination. Trust in the doctor is one
of the most important reasons for agreeing to enter an RCT, whereas
it has also been cited as the main reason for declining to participate
(Jenkins and Fallowfield, 2000; Ellis et al, 2001; Stryker et al, 2006).
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physicians’ clinical communication on patients’ decision-making on
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communication. and . more. interventions. by . clinical research
coordinators and other medical staff members in all eligible patients
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2004; Stryker et al, 2006).

Finally, it was interesting to find that 8% of those who declined
the RCTs participated: in early-phase trials during follow-up. It is
possible that the lack of effective therapies had changed their
recognition. of clinical trials, However, it might support the
psychological states of patients as reported. in earlier studies
(Jenkins and Fallowfield, 2000; Ellis et al, 2001; Wright et al, 2004);
patients expect experimental therapies to give them improved
effectiveness but with fear of uncertainty. They are reported to
have negative opinions regarding the principle of randomisation.
Better understanding of the patients’ decision-making process and
the factors influencing their psychological states may lead to
improvement in RCT accrual.

Our study has several limitations. One is that it was conducted at
a single academic institution; the situation might well have been
different in others or when the research was performed on a multi-
institution basis. The second is that we analysed data from only two
trials and could not definitely conclude that a trial design would
affect the patient accrual. Third, we have no data on the reasons for
patient participation. That information would be definitely useful
for analysing factors for consent or declining to participate, and
would help to improve the accrual rate. Further research is required.

In conclusion, there was no evidence of any difference in the
response rates and survival times between participants and non-
participants. The declining rate of clinical trials was influenced by
the referring physicians and trial designs. Further analysis of the
decision-making process of those offered trials is warranted, for it
may improve patient accrual to RCTs.
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Differences in the Quality of Information on the Internet
about Lung Cancer between the United States and Japan
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Intreduction: Quality of information available over the Internet has
been a cause for concern. Our goal was to evaluate the quality of
information available on lung cancer in the United States and Japan
and assess the differences between the two.

Methods: We conducted a prospective, observational Web review
by searching the word “lung cancer” in Japanese and English, using
Google Japan (Google-J), Google United States (Google-U), and
Yahoo Japan (Yahoo-J). The first S0 Web sites displayed were
evaluated from the ethical perspective and for the validity of the
information. The administrator of each Web site was also investi-
gated.

Results: Ethical policies were generally well described in the Web
sites displayed by Google-U but less well so in the sites displayed by
Google-J and Yahoo-J. The differences in the validity of the infor-
mation available was more striking, in that 80% of the Web sites
generated by Google-U described the most appropriate treatment
methods, whereas less than 50% of the Web sites displayed by
Google-J and Yahoo-J recommended the standard therapy, and more
than 10%: advertised alternative therapy. Nonprofit organizations
and public institutions were the primary Web site administrators in
the United States, whereas commercial or. personal Web sites were
more frequent in Japan.

Conclusion: Differences: in the quality . of information  on: lung
cancer available over the Internet were apparent between Japan and
the United States. The reasons for such differences might be tracked
to the administrators of the Web sites. Nonprofit organizations and
public institutions are the up-and-coming Web site administrators
for relaying reliable medical information.

Key Words: Internet, Information quality, Lung cancer.
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he Internet has given rise to an information revolution of

unprecedented magnitude. Whereas the Internet has great
potential in marshaling the large volume of health informa-
tion resources available, it is becoming increasingly difficult
to discern which of the resources are reliable and accurate or
appropriate for the users.'-¢ This issue has become a cause
for great concern, especially in the field of oncology, and
many studies have evaluated the pros and cons of obtaining
information  from the Internet.2-¢ Meanwhile, the medical
community is being increasingly faced with patients asking
us about the medical information available on the Intérnet.
We can no’ longer neglect the public importance of the
information available and have to use it effectively for pa-
tients to better understand their disease.

Although one of the main characteristics of the Internet
is its worldwide accessibility, differences in language use
around the world serve as a bottleneck for collecting infor-
mation from the Internet. The estimated number of people
using the Internet is about the same in the United States and
Japan (70 and 67%,7¢ respectively), and 80% of patients
obtain health information via the Internet in the United
States.? Until now, most studies that have evaluated the
quality of the health care information available over the
Internet are from the English-speaking community, and very
few studies have been conducted in relation to information
dvailable in Japanese.!0.'! Furthermore, only a limited num-
ber of studies evaluating the differences in the quality of
information available between two languages have been pub-
lished, 2 and no such study comparing such information in the
English and Japanese languages has been published.

Our goal was to imitate the search for medical infor-
mation by the general population in Japan and United States
and to evaluate the differences in the process between the two
countries. We also investigated the administrators of the Web
sites and attempted to identify any correlation existing be-
tween the Web site administrators and the quality of infor-
mation available on the Internet. We focused on information
available on lung cancer, which is the leading cause of
cancer-related death in both the Unites States and Japan,!3.14
Because search engines are the leading tools to obtain any
kind of information, whether. general. or medical, on the
Internet,!> we used Google and Yahoo, which are the two
most commonly used search engines. for Web search in both
the United States and Japan.
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METHODS

Web Site Search

‘We conducted a prospective, observational Web review
by performing keyword searches using Google in both Jap-
anese and English, and Yahoo in Japanese. Japanese searches
were conducted by author YG in Japan (Tokyo) on May 29,
2007, and the English search was conducted by author HS in
the United States (New York) on May 25, 2007. We used
“Hai-gan (both letters in Chinese characters),” “Hai (Chinese
character)-gan (hiragana),” and “Hai (Chinese character)-gan
(katakana),” for the Japanese search, and “lung cancer” and
“lung carcinoma” for the English search. The search word
that resulted in the largest number of search results was
chosen for the subsequent study.

The first 50. Web sites displayed by Google and Yahoo
in Japanese, and Google in English, excluding the advertise-
ment area, were used for further evaluation. Web sites that
were inaccessible, not designed to provide health information
(i.e., news and advertisement of books), or displayed for the
second (or more) time were excluded from the subsequent
evaluation. Samples from the Yahoo in English were supple-
mented to compare the search utility on January 21, 2009,

Site Characteristics

Author YG evaluated the Web sites within a week of
the original search. We evaluated the Web sites based on
criteria known as the “JAMA” benchmark!s: display of au-
thorship (authors and contributors, their affiliations, and rel-
evant credentials), attribution (references and sources for all
content and all relevant. copyright information), disclosure
(Web site ownership, sponsorship, advertising, commercial
funding arrangements or support, or potential conflicts of
interest), and currency. (dates on which the contents were
posted and updated). Wc considered each criterion as fulfilled
when it was fully displayed. For further evaluation, we
focused on the description about the treatment of advanced
non-small lung cancer. To our knowledge, there is no estab-
lished: tool-based instrument to' evaluate the information
available on cancer treatment. Therefore, we classified the
information into three categories: acceptable (description of
systematic reviews, such as guidelines from authorized facil-
ities, 1720 links to systematic reviews, or abstracts of system-
atic reviews), unacceptable (recommendation of alternative
medicine or a generally unapproved treatment), and inevalu-
able (lack of adequate description). The administrators of the
Web sitcs werc classified into five catcégorics: nonprofit or-
ganization (NPO) or public institution, medical institution,
commercial (for specific treatments), personal (pages made
by patients or their families), and others.

Analysis

Descriptive statistics were used to determine the numbers
and percentages related to the characteristics of the Web sites.
To ‘compare the differences between two countries in view of
user-experienice and “search utility, Web" sites “ displayed in
Google-U was compared with that of Yahoo-J and Google-J,
respectively. The y* test or Fisher’s exact test was used as
appropriate.
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FIGURE 1. JAMA benchmark: Description of the JAMA
benchmark's is listed by the search engines; display of au-
thorship (authors and contributors, their affiliations, and rel-
evant credentials); attribution (references and sources for all
content, and all relevant copyright information); disclosure
(Web site ownership, sponsorship, advertising, commercial
funding arrangements or support, or potential conflicts of
interest); and currency (dates on which the contents were
posted and updated).

RESULTS

Differences by Notation

In Google Japan, search using the word “Hai-gan (both
letters in Chinese characters)” resulted in a display of approx-
imately 7.7 million Web sites, and in Google United States,
search using the phrase “lung cancer” threw up approxi-
mately 52 million Web sites. These notations were, therefore,
used for the subsequent evaluation. After excluding Web sites
that were indccessible, were not designed to provide health
information, or ranked for the second (or'more) time in each
sedrch; ‘44,27, 39, and 35 Web sites displayed by Yahoo
Japan' (Yahoo-J), Google Japan (Google-J), Yahoo United
States (Yahoo-U), and Google United  States (Google-U),
respectively; were evaluated for further study.

Web Site Characteristics

Figure 1 summarizes the quality of the Web sites that
satisfied the criteria' of the JAMA benchmark. Authorship
was displayed in more than 70% of the Web sites displayed
by the three searches: 31 in Google-U (88.6%), 34 in Yahoo-J
(70.3%, p = 0.243), and 19 in Google-J (88.6%, p-='0.106).
Attribution of the content was found in 20 (57.1%) of the
Web sites in Google-U, and 7 (15.9%, p < 0.001) and 6
(22.2%, p = 0.009) of the Web sites in Yahoo-J and
Google-I, respectively. Twenty-eight (63.6%, p = 0.001)
Web sites in Yahoo-J, 11.(40.7%; p < 0.001) in Google-J,
and 33 (94.2%) in Google-U made the disclosure. Display of
currency was found in 29'(82:9%) sites in Google-U, but in
less than 50% of the Web sites in the Japanese searches; 11
(25.0%, p < 0.001) in Yahoo-J and 11 (40.7%, p =.0.001) in
Google-J.

Quality of Description of the Treatment
Evaluation of the treatment description for advanced
non-small cell lung cancer is summarized in Figure 2. The
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FIGURE 2. Evaluations of the treatment description in the
Web sites: The treatment description is classified into three
categories: acceptable (description of the systematic review
such as guidelines from authorized facilities'>-29; links to sys-
tematic reviews; abstracts of systematic reviews), unaccept-
able (recommendation of alternative medicine or a generally
unapproved treatment), and invaluable (lack of description).
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TABLE 1. Correlation of Sites Between the Top 50 Google
and Yahoo, and the Rate of Reliable Sites in Each Engine

United States . Japan

Correlation of titles in top 50 site of Google 11 10
and. Yahoo
Percentage of reliable sites in top 50 (%)
Google 80.0 29.6
Yahoo 71.8% 45.5

Correlation of titles in both engines was almost the same in both countries.
Proportions of reliable sites' were comipatable’ in' countries but were not in’ search
engines.

“ Accessed and evaluated on January 21, 2009.

description was acceptable in 28 (80.0%) of the Web sites
generated by Google-U, as these sites described chemother-
apy as the standard treatment for advanced lung cancer. Only
one site recommended alternative ‘medicine. In Web sites
ranked by Yahoo-J and Google-J, standard therapy was only
described in 20 (45.5%, p < 0.001) and 10 (37.0%, p <
0.001) sites, respectively, whereas 7 (15.9%, p = 0.070) and
7:(25.9%, p = 0.017) sites, respectively, recommended al-
ternative medicine. Table 1' summiarizes the quality of the
Web sites displayed in Yahoo and Google by both countries.
Proportions of reliable sites were comparable in countries but
were not in search engines.

Administrators of the Web sites

The administrators of the Web sites are shown in Figure
3. In. Google-U; the administrators- of 16:(45.7%) Web sites
were NPO or public institution, whereas only 7 (15.9%, p =
0.006) and 2 (7.4%; p. = 0.001); respectively, in"Yahoo-J and
Google-J were managed by them. Commercial site for spe-
cific -treatments:: was - not -displayedin  Google-U but was
displayed in 8 (18.2%, p = 0.007) and 6 (22.2%, p = 0.005)

Web sites in Yahoo-J and Google-J, respectively. Web sites

administered personally by the patients themselves or- their

El Commerclal
1| Medical Institution
W NPO/public insitution

Proportion of the websites fulfilling the criteria

Yahoo-J Google-J Google-U

FIGURE 3. Administrators of the Web sites: Administrators
were classified into five categories: NPO (nonprofit organiza-
tion) or public institution, medical institution, commercial
(for the specific treatments), personal (pages made by pa-
tients or their families), and others.

families were also not found among the Web site displayed in
Google-U, whereas 4 (9.1%, p = 0.125) sites in Yahoo-J and
7 (25.9%, p = 0.002) sites in Google-J were personally
managed.

Administrators and Quality of the Contents of
the Web Sites

Table 2 shows the correlation between the Web site
administrator and the quality of the contents of the sites. Ten
sites generated by both. Google-J. and: Yahoo-I were inte-
grated. There was no site from NPO or. public institution
category,. either Japanese or. English, which: provided mis-
leading . information.. Most. of the unacceptable. sites. were
managed by commercial or personal sites, neither of which
was found in the English-language.sites.

DISCUSSION

By comparing the  differences ‘of quality - of* cancer
information on'the Internet between the different languages,
we, for the first time, evaluated the correlation: between the
Web site:administrator and the quality of the medical infor-
mation in'the ' Web sites. Furthermore, it is-one ‘of the few
studies to evaluate the information on lung cancer available
on the Internet.'s We also showed that the- Web sites: dis-
played in the United  States provide information: of much
higher quality than'those displayed by Japanese: Web sites,
with regard to lung cancer treatment; and this may be related
to the quality of the administrators of the displayed Web sites.

It-is: generally. a difficult task to-make people access
reliable Web sites that would provide the precise information
that they are looking for. Regulating access to only trustwor-
thy -Web sites that: provide useful information is extremely
difficult; because a global rule is a necessary step toward
controlling the content of the worldwide Web sites. There are
also no confirmed tools for weighting the information on the
Internet’ in ‘any " field; including medicine: In: this chaotic
scenario, search engines such' as: Google and Yahoo have
come up with a solution by developing an algorithim to rank
the sites: Nowadays, their value: is- well-established ‘in the
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TABLE 2. Correlation Between the Quality of the Web site Administrators and the Quality of

the Information

NPO Public Institution Med Institution = Commercial: Personal  Other  Tetal

Japanese

Acceptable 6 10 0 { 5 22

Unacceptable 0 0 10 7 2 19

Inevaluable 2 10 1 1 6 20

Total 8 20 it 9 13 61
English

Acceptable 15 3 0 0 10 28

Unacceptable 0 0 0 0 i t

Inevaluable 2 0 0 0 4 6

Total 17 3 0 0 15 35

Ten sites generated by both Google-J and Yahoo-J were integrated. No sttc from thc NPO or public institution category provided

misleading information in e¢ither the Japanese or the English search. Co ial ators rec di

g specific treatments and

personal sites accounted cntircly for the sitcs providing unacceptabic information.

Internet, and people are generally using this tool for searching
medical and other information. Even though there is a con-
cern that the order in which the sites are placed by these tools
is not entirely appropriate for the field of medicine,-21.22 the
high frequency at which these are used has made it meaning-
less to say that they pose a problem in one-particular field.
Therefore;” what we must® consider now"is how to provide
reliable information using these tools.

Why is misleading and nonreliable information pro-
vided on the Internet? One key characteristic of the Internet is
the interaction between the provider and the consumer (in the
medical field; patient). Web sites that are not accessed: fre-
quently will be ranked lower in the search engine system.
Therefore, when discussing the results of Web sites ranked by
the search: engine, we should consider it from both' the
standpoint of the provider and the consumer. People-access
the Intemet by requesting the information they want. Many
cancer patients suffer from an incurable disease and look for a
ray of hope in the Internet. This situation is most advantageous
to the information senders. They can promote their treatment as
the treatment that would bring about the miraculous cure that the
patients are seeking. In this study, most of the sources recom-
mending alternative or unapproved drugs were from commercial
and: personal sites. Information on medical subjects:should be
correct and be of assistance to the users to help them better
understand their disease. People should be protected: from: dis-
ruptive information. Creating confusion in the minds-of people
by providing misleading information: for profit to the adiminis-
trator is a-vexing situation:

One of the interesting findings in this study was that the
correlation between the quality of the Web site administrator
and the quality of the contents of the site was seen not only
for sites providing misleading information but also for those
providing reliable: information. - At present, there: are two
major administrators providing reliable information, namely,
medical institutions and specialized organizations for infor-
mation administered by patient advocate NPO' or public
institution.. However, the type of information provided dif-
fered between the two.types of administrators, In general,
each: medical. institution provides reliable: messages. but not
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review articles, whereas the patient advocate group NPO and
public institution provide a path to the review articles. This is
not surprising because the aims of providing information are
different between the two types of administrators. For each
medical institution; the goal is to display the treatment that
they are interested in, and describing the entire medical
consensus is outside their reach. Therefore, sites specialized
in providing information are the ones that can be most
expected to provide general information. Differences in the
number of reliable sites between the languages in this study
may be because of the difference in the number of such
organizations between the countries. The number of public
institution sites may depend on the countries in which each
language is spoken in, and the growth in the number of
patient advocate NPO may depend on the social system or the
differences in culture. However, it is noteworthy that patient
advocate NPO can play a major role in providing reliable
health information.

There were several limitations in this study. One is that
we evaluated sites only from Yahoo Japan and Google Japan,
and Google United States. We chose Google United States as
the reference, because most previous studies on the Internet
have been conducted in the United States, and Google is the
most popular search engine in the United States.?? In Japan,
Yahoo ranks first as the most frequently used search-engine,
followed next by Google,?* which is the reason we selected
these two as. the representative search engines for our search
of Web sites in Japanese. Although this approach may limit
evaluation of the overall Internet situation in the two coun-
tries, we believe that this was the closest way to reproduce the
way people browse the Intemnet. ‘Another  concern is the
number of sites generated by these tools. The total number of
Web sites displayed by our search using the keywords differs
between the two languages and® maybe attributable to the
differences in the quality of the administrators. Google-U
generated approximately seven times as'many Web sites as
Google-J:- This discrepancy. could be:because: of the differ-
ence in the number:of ‘people using the two-languages.
However, we only evaluated the top 50 sites, which is far
short of the total number of sites displayed but may already
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be too much for anyone seeking any type of information.
Because the ranking system has prevailed, the quality of the
highest ranked Web sites and not the total number of sites
displayed is important to the user. Lastly, another important
problem is whether people in the United States and Japan
desire the same answers from the Internet. In general, search
engines attempt to rank the Web sites sought by the users. If
these differed between countries, the ranking would also
reflect these differences. Differences in the social back-
grounds of the populations in the two countries were con-
founding factors in this study. However, no studies evaluating
the topic from this perspective have been conducted. These
are topics of interest that need further investigation.

In this era of abundance of information, it is absolutely
essential for people to make their choices based on the
quality. As medical professionals, we have the responsibility
of providing appropriate information to people who are un-
aware and anxious about their future. In the new era of the
Internet technology, facilitating easy access to reliable infor-
mation, and providing reliable information is important. This
study may facilitate an understanding of the actual status of
dispersal of information and pave the way for discussing
methods to achieve better accessibility to high-quality health
information,
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Abstract

Background. We aimed to identify, through a review of the
literature, candidate genes for a prospective predictive che-
mosensitivity test in patients with breast cancer.

Methods. Papers demonstrating an- association between
gene alterations in tumor tissue and clinical chemosensitiv-
ity in breast cancer patients were selected by Medline
searches. We calculated odds ratios (ORs) and their 95%
confidence intervals (Cls) of response rates for patients who
had tumors with or without gene alteration. Combined ORs
and CIs were estimated- using the DerSimonian-Laird
method.

Results. A total of 18 genes were evaluated for association
with clinical chemosensitivity in 6378 patients registered in
69 studies. The median (range) number of patients in each
study was 73 (29-319). Overexpression- of ABCBI (P-
glycoprotein) was associated with poor résponses to first-
line'chemotherapy (combined OR [CI], 0.16 [0.05-0.59]; n
=322). Overcxpression and amplification of TOP2A (topoi-
somerase II-alfa) were more frequently observed in patients
who responded to first-line chemotherapy (combined OR
[C1], 2.73 [1.02-7.27]; n = 323). Overexpression of ERBB2
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(c-erbB2) was associated with favorable responses in
patients treated with both first-line anthracycline-based
chemotherapy and second-line taxane-based chemotherapy
(combined ORs [Cls], 1.60 [1.19-2.17]; n = 1807 and 2.24
[1.06-4.74]; n = 259, respectively). BCL2 overexpression
was associated with resistance to first-line chemotherapy
(combined OR [CT]}, 0.44 [0.21-0.91]; n = 816).

Conclusion. ABCBI1, TOP2A, ERBB2, and BCL2 were
good candidates for future clinical trials of predictive che-
mosensitivity tests in patients with breast cancer.

Key words Chemotherapy - Sensitivity - Drug resistance -
Breast cancer - Gene alterations

Introduction

Breast cancer remains a major medical problem in women
in spite of dramatic advances in the past three decades in
the understanding of the biologic and clinical nature of the
disease. About 1% to 5% of patients with breast cancer
have distant metastasis at the time of initial diagnosis and
20% to 30% of patients develop systemic recurrence after
surgery for local disease." Chemotherapy for these patients,
however, has limited efficacy, such that clinical objective
response rates to standard chemotherapy regimens are
20%-40% at most, and such that patients’ with™ distant
metastases rarely live long.! In addition, 40% to 80% of
patients with breast cancér who undergo surgical resection
receive adjuvant chemotherapy without its efficacy ever
being monitored.

Tumor response to chemotherapy varies from one patient
to another. Thus, it would be extremely useful to know
ahead of time which patients have tumors that would
respond to chemotherapeutic agents and also which tumors
would be resistant to such therapy. For this purpose, cell
culture-based chemosensitivity tests have been developed
for more than 20 years, but they are not widely accepted
because of technical problems, including the large amount
of surgical material required, a low success rate for primary



culture, the time-consuming nature of the technique, and a
poor correlation with the clinical response.** To overcome
these obstacles, DNA, RNA, and protein-based chemosen-
sitivity tests have been tried, but it remains unknown which
gene alteration is well predictive of the clinical drug
response. In our previous studies, 80 in vitro chemosensitiv-
ity-associated genes were identified in the medical litera-
ture,* and the association between alterations of these genes
and clinical drug responses in lung cancer patients was
described.’ The purpose of this study was to find candidate
genes to develop clinically useful chemosensitivity tests for
patients with breast cancer.

Materials and methods

We identified 80 in vitro chemosensitivity-associated genes
that met the following definition in the medical literature:
(1) their alteration could be identified in human drug-
induced resistant solid tumor cell lines; (2) their transfec-
tion induced drug resistance; or (3) their downregulation
increased drug sensitivity. The genes included transporters:
ABCA2, ABCBI, ABCBI11, ABCCI, ABCCZ, ABC(C3,
ABCC4, ABCC5, ABCG2, MVP, ATP7A, ATP7B,
SLC29A1, SLC28A1, and SLCI9AI; drug targets: TUBB,
TUBB4, TUBA, TYMS, TOP1, TOP2A, TOP2B, and
DHFR,; target-associated proteins : MAP4, MAP7,STMNI,
KIFSB, HSPAS, PSMDI4, and FPGS;, intracellular detoxi-
fiers: GSTP1, GPX, GCLC, GGT2, MT, RRM2, and
AKRIBI; DNA damage recognition and repair proteins:
HMGBI, HMGB2, ERCC1, XPA, XPD, MSH2, MLH1,
PMS2, APEX], MGMT, BRCAI, and GLOI; cell-cycle
regulators: RB1, GML, CDKNIA, CCND1, CDKN2A, and
CDKNIB; mitogenic signal regulators: ERBB2, EGFR,
KRAS2, HRAS, and RAFI;survival signal regulators: AKTI
and AKTZ; integrins: ITGBI; transcription factors: JUN,
FOS, MYC, and NFKBI; and apoptosis regulators: TP53,
MDM2, TP73, BCL2, BCL2L1, MCLI, BAX, BIRC4,
BIRCS5, TNFRSF6, CASP3, CASP8, and HSPBI1.* Papers
describing an association between the alteration of the gene
and clinical drug response in patients with breast cancer
were identified by extensive Medline searches using the
name of the gene as a key word. Papers in which the asso-
ciation was evaluated in 25 or more patients were included
in this study.

We calculated odds ratios (ORs) and their 95% confi-
dence intervals (CIs) of response rates for patients who had
tumors with or without gene alteration. Combined ORs and
CIs were estimated using the DerSimonian-Laird method,
as previously described.’ The formula used for the com-
bined OR and that for 95% CI were as follows:

Combined OR = exp{X(weight; - InOR,)/EZweight;}

95%. CI of combined OR = exp{Incombined OR * 1.96
(1/zweight))"?)

where weight, is the weight for each study determined by
variance of the study, and OR is the OR of each study.
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Results

Clinical drug responses were evaluated in 18 genes from 69
studies, which included a median of 73 patients (range, 29—
319 patients) per study to give a total of 6378 patients. The
methods used to identify the gene alteration were immuno-
histochemical protein expression analysis (rn = 52), protein
activity analysis using tritium-release assay (n = 1), poly-
merase chain reaction (PCR)-based mRNA expression
analysis (n = 8), PCR-based mutation analysis (n = 3), and
gene amplification analysis using fluorescence in situ hybrid-
ization or chromogenic in situ hybridization (n = 5). The
gene alteration was associated with the clinical response in
25 of the 69 (36%) studies.

High expression of ABCBI was associated with a poor
response (o first-line chemotherapy in three of five studies,
and the combined OR (CI) in a total of 322 patients was
0.16 (0.05-0.59). Other transporter expressions were not
associated with chemotherapy responses (Table 1). Study
results showing associations between drug target alterations
and clinical responses were promising. The alteration of
TYMS (thymidylate synthetase), TUBB (beta-tubulin class
1), and TUBB4 (beta-tubulin class III) was associated with
chemosensitivity, although there was only one study for
each gene. The overexpression and amplification of TOP2A
(topoisomerase 1I-alfa) were more frequently observed in
patients who responded to first-line chemotherapy in four
out of five studies with a combined OR (CI) of 2.73 (1.02—
7.274) in a total of 323 patients (Table 2). The high expres-
sion of the DNA repair gene BRCAI (Breast cancer 1) was
associated. with. chemosensitivity in one study (Table 3).
The overexpression of ERBB2 (c-erbB2, Her2, or neu) was
associated with favorable responses in patients treated with
first-line. anthracycline-based chemotherapy, and the com-
bined OR (CI) was 1.60 (1.19-2.17) in a total of 1807 patients
(Table 4). This. was also. true. among patients treated with
second-line. chemotherapy containing taxanes. (combined
OR [CI],2.24 [1.06-4.74]; n = 259; Table 5). TP53 mutations
were not associated with clinical drug responses (combined
OR [CI],1.09 [0.73-1.62]; n = 1588; Table 6), whereas BCL2
overexpression was associated with resistance to first-line
chemotherapy (combined OR [CI],0.44 [0.21-0.91]; n = 816;
Tables 7 and 8).

Discussion

Association between a - gene alteration and clinical
chemosensitivity was evaluated in 18 of the 80 in vitro
chemosensitivity-associated genes in patients with breast
cancer. Among them, ABCBI, TOP2A, ERBB2, and BCL2
were good candidates for further studies.

ABCBI has been extensively studied as a major cellular
mechanism of multidrug resistance,® but there has been no
firm evidence that the expression of this transporter in
tumor cells has been associated with a poor response to
cytotoxic chemotherapy in patients with breast cancer. A
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Table 1. Expression of transporter proteins and clinical response to first-line chemotherapy

Author (year, country) Drugs Method Expression No. of pts RR (%) Odds ratio
(95% CI)
ABCBI
Ro" (1990, USA) CPA,DOX, VCR IHC Low 20 95 0.08
High 20 60 (0.01-0.71)
Veneroni® (1994, Italy) DOX + VCR IHC Low 21 86 0.02
High 18 it (0.0-0.14)
Chevillard® (1996, France) CPA, DOX, 5-FU IHC Low 36 50 0.75
High 7 43 (0.15-3.84)
Bottini® (2000, Italy) CPA, MTX, 5-FU, or EPI IHC Low 99 28° 0.51
High 42 17 (0.20-1.27)
Burger™® (2003, Netherlands) CPA, MTX, 5-FU, or RT-PCR Low 47 68 0.09
CPA, DOX or EPI, 5-FU High 12 17 (0.02-0.48)
Combined odds ratio (95% CI) for ABCB1 (n = 322): 0.16 (0.05-0.59)
ABCCI (Multidrug resistance-associated protein 1; MRP1)
Burger™® (2003, Netherlands) CPA, MTX, 5-FU, or RT-PCR Low 30 60 0.82
CPA, DOX or EPI, 5-FU High 29 55 (0.29-2.31)
ABCC2 (Multidrug resistance-associated protein 1; MRP2)
Burger” " (2003, Netherlands) CPA, MTX, 5-FU, or RT-PCR Low 28 64 0.48
CPA, DOX or EPI, 5-FU High 28 46 (0.16-1.41)
ABCG?2 (Breast cancer resistance protein; BCRP)
Burger™° (2003, Netherlands) CPA, MTX, 5-FU, or RT-PCR Low 42 64 0.39
CPA, DOX or EPI, 5-FU High 17 41 (0.12-1.23)
MVP (major vault protein, lung resistance-related protein)
Burger®® (2003, Netherlands) CPA, MTX, 5-FU, or RT-PCR Low 37 65 0.45
CPA, DOX or EPI, 5-FU High 22 45 (0.15-1.33)

RR, response rate. Drugs: CPA, cyclophosphamide; DOX, doxorubicin; EPI, epirubicin; 5-FU, S-fluorouracil; MTX, methotrexate; VCR
vincristine. Methods: THC, immunohistochemical analysis; RT-PCR, reverse transcriptase-polymerase chain reaction

*Complete response rate (%)

®In this study 20% of patients had received adjuvant chemotherapy

Table 2. Drug targets, intracellular detoxifier, and clinical response to first-line chemotherapy

>

Author (year, country) Drugs Method Alteration No. of RR Odds ratio
pts (%) (95% CI)
TYMS (thymidylate synthetase)
Foekens™ (2001, Netherlands) 5-FU- based TRA Low expression 13 8 12.0
High expression 108 50 (1.51-95.5)
TUBB (beta-tubulin class I)
Hasegawa® (2003, Japan) DTX Real-time Low expression 19 63 0.25
PCR High expression 20 30 (0.07-0.95)
TUBB4 (beta-tubulin class III)
Hasegawa® (2003, Japan) DTX Real-time Low expression 19 68 0.15
PCR High expression 20 25 (0.04-0.62)
TOP2A (topoisomerase II-alfa)
Jarvinen® (1998, Finland) EPI IHC Low expression 31 58 0.61
High expression 24 46 (0.21-1.79)
Coon” (2002, USA) Anthracycline-based IHC Low expression 26 77 2.40
High expression 9 89 (0.25-23.2)
MacGrogan® (2003, France) EPI, MTX, VCR IHC Low expression 68 32 2.88
High expression 57 58 (1.38-5.97)
Martin-Richard® (2004, Spain) CPA, DOX, 5-F-U or CPA, IHC Low expression 25 24 528
EPIL, 5-FU High expression 16 63 (1.35-20.7)
Park® (2003, Korea) DOX CISH Normal 48 54 15.2
Amplified 19 95 (1.88-123)
Combined odds ratio (95% CI) for TOP2A (n = 323): 2.73 (1.027-7.27)
GSTP1 (glutathione S-transferase pi)
Wright™ (1992, UK) MIT IHC Low expression 30 37 1.22
High expression 29 41 (0.43-3.48)

Drugs: DTX, docetaxel; MTX, methotrexate; MIT, mitoxantrone: CISH, chromogenic in situ hybridization; TRA, tritium-release assay

previous meta-analysis, summarizing the data of 115 patients
published between 1990 and 1996, showed only a marginal
association between ABCBI] expression in tumor tissue
before treatment and failure of response (relative risk, 1.47;

95% CI, 0.94-2.29; P = 0.088).” The present study included
recent studies with a total of 322 patients, and showed
that the expression of ABCBI was significantly associated
with a poor drug response. Key anticancer agents in the
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Table 3. DNA repair gene, cell-cycle regulator and clinical response to first-line chemotherapy

Author (year, country) Drugs Method Expression No. of RR (%) QOdds ratio
pts (95% CI)

BRCAI (Breast cancer 1)
Egawa® (2003, Japan) CPA, EP1 Real-time PCR Low 25 32 4.01

High 26 65 (1.25-12.9)
CCNDI (cyclin D1)
Bonnefoi” (2003, Switzerland) CPA, EPI £ 5-FU IHC Low 126 22° 2.02

High 52 37 (1.00-4.07)

*Complete response rate (%)

Table 4. ERBB2 (erythroblastic leukemia viral oncogene homolog 2, c-erbB2) expression and clinical response to first-line anthracycline-based

chemotherapy
Author (year, country) Drugs Method Alteration No. of RR (%) Odds ratio
pts (95% CI)
Niskanen®* (1997, Finland) CPA, EP1, 5-FU 1HC Low expression 89 33 2.07
High expression 14 50 (0.66-6.45)
Rozan® (1998, France) CPA, DOX, 5-FU IHC Low expression 131 21 1.62
High expression 36 31 (0.71-3.69)
Jarvinen® (1998, Finland) EPI HC Low expression 36 64 0.26
High expression 19 32 (0.08-0.85)
Vincent-Salomon™ (2000, France) CPA, DOX, 5-FU IHC Low expression 36 78 0.57
High expression 18 67 (0.16-2.01)
Geisler” (2001, Norway) DOX IHC Low expression 72 37 117
High expression 17 41 (0.40-3.43)
Coon® (2002, USA) Anthracycline-based IHC Low expression 20 70 2.79
High expression 15 87 (0.47-16.4)
MacGrogan® (2003, France) EPI, MTX, VCR IHC Low expression 102 40 1.82
High expression 20 55 (0.69-4.78)
Bonnefoi™ (2003, Switzerland) CPA, EPI + 5-FU IHC Low expression 132 24 1.61
High expression 47 34° (0.78-3.32)
Zhang® (2003, USA) CPA, DOX, 5-FU IHC Low expression 69 78 361
High expression 28 93 (0.77-17.0)
Martin-Richard” (2004, Spain) CPA,DOX, 5-FU or IHC Low expression 30 37 1.44
CPA, EPI, 5-FU High expression 11 45 (0.35-5.84)
Burcombe® (2005, UK) Anthracycline-based IHC Low expression 84 71 1.87
High expression 34 82 (0.69-5.08)
Prisack® (2005, Germany) CPA,EP1 IHC Low expression 257 10° 2.13
High expression 62 19 (1.01-4.51)
Manna Edel" (2006, Brazil) Anthracycline-based IHC Low expression 86 63 1.11
High expression 23 65 (0.42-2.91)
Park™ (2003, Korea) DOX CISH Normal 36 47 7.54
Amplified 31 87 (2.19-26.0)
Konecny®* (2004, USA) CPA, EPI FISH Normal 88 33 1.80
Amplified 49 46 (0.88-3.68)
Bozzetti® (2006, Belgium) Anthracycline-based FISH Normal 86 62 1.63
Amplified 29 7 (0.65-4.11)

Combined odds ratio (95% CI) for ERBB2 (anthracyclines; n = 1807): 1.60 (1.19-2.17)

FISH, fluorescence in situ hybridization
*Pathological complete response rate
eI these studies, 15% and 40%, respectively, of patients had received adjuvant chemotherapy

Table 5. ERBB2 (erythroblastic leukemia viral oncogene homolog 2, c-erbB2) expression and clinical response to second-line taxanes

Author (year, country) Drugs Method Alteration No. of pts RR (%) Odds ratio
95% CI)
Taxanes
Baselga™ (1997, USA) DTX or PTX IHC Low expression 76 65 3.40
High expression 46 36 (1.58-7.33)
Sjostrom® (2002, Finland) DTX HC Low expression 36 53 1.02
High expression 30 53 (0.39-2.70)
Di Leo™ (2004, Burope) DTX FISH Normal 50 40 3.00
Amplified 21 67 (1.03-8.74)

Combined odds ratio (95% CI) for ERBB2 (taxanes, n = 259): 2.24 (1.06-4.74)
DTX, docetaxel; PTX, paclitaxel
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Table 6. Tumor protein TP53 (p53) mutation and clinical response to first-line chemotherapy

Author (year, country) Drugs Method Mutation No. of RR (%) Odds ratio
pts (95% CI)
Niskanen®* (1997, Finland) CPA, EP], 5-FU IHC Normal 86 37 0.52
Mutated 17 24 (0.16-1.73)
Frassoldati” (1997, Italy) CPA, DOX or CPA, IHC Normal 26 42 0.68
MTX, 5-FU Mutated 3 33 (0.05-8.50)
Bonetti*® (1998, Italy) CPA, MTX, 5-FU or IHC Normal 21 30 0.94
Anthracycline-based Mutated 22 27 (0.25-3.56)
Rozan® (1998, France) CPA, DOX, 5-FU HC Normal 97 22 1.25
Mutated 70 26 (0.61-2.58)
Jarvinen® (1998, Finland) EPI IHC Normal 37 57 0.61
Mutated 18 44 (0.20-1.90)
Colleoni® (1999, Italy) CPA, DOX or VNR, IHC Normal 59 53 5.42
5-FU Mutated 14 86 (1.11-26.4)
Bottini” (2000, Italy) CPA, MTX, 5-FU or IHC Normal 11 72 1.16
EPI Mutated 32 75 (0.47-2.86)
Kandioler-Eckersberger™ CPA, EPI, 5-FU IHC Normal 20 85 0.01
(2000, Austria) Mutated 15 7 (0.00-0.13)
Kandioler-Eckersberger™ PTX IHC Normal 20 35 3
(2000, Austria) Mutated 12 67 (0.82-16.8)
Bonnefoi® (2003, CPA, EPI + 5-FU IHC Normal 126 29° 0.73
Switzerland) Mutated 53 23 (0.35-1.55)
MacGrogan® (2003, France) EPI, MTX,VCR IHC Normal 89 40 2.38
Mutated 34 62 (1.06-5.35)
Rahko®*! (2003, Finland) Anthracycline-based IHC Normal 15 33 0.73
Mutated 15 27 (0.15-3.49)
Ogston® (2004, UK) CPA, DOX, VCR IHC Normal 65 52° 1.25
Mutated 38 59° (0.56-2.81)
Prisack® (2005, Germany) CPA, EPI THC Normal 269 i1 2.12
Mutated 38 21° (0.89-5.06)
Berns™ (2000, Netherlands) CPA, DOX, 5-FU or sequencing Normal 16 63 0.34
CPA, MTX, 5-FU Mutated 25 36 (0.09-1.24)
Geisler” (2001, Norway) DOX TTGE, sequencing Normal 64 36 1.31
Mutated 26 42 (0.52-3.32)
Geisler™ (2003, Norway) MMC, 5-FU TTGE, sequencing Normal 17 41 0.55
Mutated 18 28 (0.13-2.26)
Combined odds ratio (95%. CI) for TP53 (n = 1588): 1.09 (0.73~1.62)
Drugs: MMC, mitomycin C; VNR, vinorelbine: Method: TTGE, temporal temperature gel electrophoresis
*Pathological complete response rate
®Good pathological response rate
““In these studies, 15% and 30%, respectively, of patients had received adjuvant chemotherapy
Table 7. BCL2 (B-cell CLL/lymphoma 2) aud clinical response to first-line chemotherapy
Author (year, country) Drugs Method Expression No. of RR (%) QOdds ratio
pts (95% CI)
Frassoldati™ (1997, Ttaly) CPA, DOX or CPA, MTX, 5-FU IHC Low 19 47 0.48
High 10 30 0.09-2.42)
Bonetti®® (1998, Italy) CPA; MTX; S-FU or IHC Low 32 44 0.19
Anthracycline-based High 23 13 (0.05-0.78)
Colleoni® (1999, Italy) CPA, DOX or VNR, 5-FU IHC Low 27 52 1.58
High 46 63 (0.60-4.15)
Bottini® (2000, Italy) CPA, MTX, 5-FU or EP1 IHC Low 48 71 1.15
High 95 74 (0.53-2.49)
Geisler” (2001, Norway) DOX IHC Low 46 37 1.12
High 43 40 (0.47-2.62)
Ogston™ (2004, UK) CPA, DOX, VCR IHC Low 55 71° 0.22
High 48 25° (0.10-0.52)
Buchholz” (2005, USA) CPA, DOX, 5-FU IHC Low 33 27 0.11
High 49 42 (0.02-0.57)
Prisack® (2005, Germany) CPA, EPI IHC Low 118 25" 0.16
’ High 124 5 (0.06-0.42)

Combined odds ratio (95% CI) for BCL2 (n = 816): 0.44 (0.21-0.91)

*Pathological complete response rate

®Good pathological response rate

“In this study, 30% of patients had received adjuvant chemotherapy
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Table 8. Other apoptosis regulators and clinical response to chemotherapy

Author (year, country) Drugs Method Expression No. of RR (%) Odds ratio
pls (95% CI)

BCL2L1 (Bcl2-like 1, Bel-xL)

Sjostrom® (2002, Finland) DTX or MTX, 5-FU IHC Low 59 36 1.32
(second-line) High 64 42 (0.64-2.73)

BAX (Bcl2-associated X protein )

Krajewski’ (1995, Finland) CPA, EP], 5-FU IHC Low 39 21 2.84
(first-line) High 65 43 (1.13-7.13)

Sjostrom™ (2002, Finland) DTX or MTX, 5-FU IHC Low 59 39 1.03
(second-line) High 53 39 (0.48-2.20)

Buchholz™ (2005, USA) CPA, DOX, 5-FU IHC Low 12 58" 0.04
(first-line) High 69 6 (0.01-0.20)

TNFRSF6 (tumor necrosis factor receptor superfamily, member 6, FAS, CD95)

Sjostrom® (2002, Finland) DTX or MTX, 5-FU IHC Low 53 42 0.83
(second-line) High 70 37 (0.40-1.73)

*Pathological complete response rate

treatment of breast cancer, such as anthracyclines, vinca
alkaloids, and taxanes, are substrates of ABCB1 protein,
and its expression must therefore be an important determi-
nant for chemosensitivity. The association between the
expression and clinical drug responses of other transporters
is also worth evaluating, although no slatistically significant
association has been obtained due to the too-small sample
size.

Qualitative and quantitative alterations of the drug’s
target are another important mechanism involved in classi-
cal drug resistarice. DNA topoisomerase II enzymes pass
one double-stranded DNA segment through a transient,
enzyme-mediated break in another strand to relax a highly
twisted superhelical DNA.? One isoform of these enzymes,
TOP2A, is the target of most active anticancer agents,
including anthracyclines, because its expression levels are
tightly linked to the proliferative state of the cell, and are
higher in tumor tissue than in adjacent normal tissue’
Although there have been many attempts to correlate
TOP2A status with anthracycline efficacy in breast cancer
patients, the results have been controversial.” The present
study showed that TOP2A gene amplification and protein
overexpression were associated with a higher response rate
in a total of 323 patients. TYMS and beta-tubulins are also
important targets for fluoropyrimidines and taxanes, respec-
tively. Further studies are needed before the association can
be definitively established between alteration of these gene
expressions and clinical chemotherapy responses.

ERBB2 is a member of the human. epidermal growth
factor receptor family, which plays an important role in
regulating cell growth, survival, adhesion, migration, and
differentiation, by forming heterodimers within the family.
The ERBB2 receptor is the most potent oncoprotein, and
amplification and overexpression of ERBB2, noted in about
30% of breast cancers, are associated with a poor progno-
sis.!®!! The predictive value of ERBB2 overexpression for
poor responses to endocrine therapy and trastuzumab
therapy has been well documented, but the association
between ERBB2 status and chemosensitivity remains con-
troversial*? This issue has been evaluated mainly in the
adjuvant setting after surgery, and the association between

ERBB?2 status and difference in progression-free survival
can therefore be attributable to the overall prognosis as well
as the efficacy of chemotherapy. The ERBB2 status and
responses to chemotherapy in patients with locally advanced
or the metastatic breast cancer have been evaluated in small
studies. Few studies, however, showed any significant dif-
ference in the response rates between ERBB2-normal and
ERBB2-overexpressed patients.”” The present study showed
that patients with overexpression or amplification of ERBB2
responded significantly better to anthracycline-based che-
motherapy than patients with a normal ERBB2 status. This
was explained by the correlation between the expressions
of the ERBB2 and TOP2A genes; high expression of the
TOP2A gene was detected in 30%-60% of breast cancer
tissue with ERBB2 overexpression, while it was detected in
only 5%-10% of breast cancer tissue without ERBB2 over-
expression. The mechanism of this correlation remains
unclear. The ERBB2 and TOP2A genes were previously
thought to be coamplified, because both the genes are
located on chromosome 17q12-21. Recent studies, however,
showed that when these genes were amplified, they were
located in different amplicons. In other studies, the number
of copies of the ERBB2 and TOP2A genes were not identi-
cal.” The present study also showed that the overexpression
or amplification of ERBB2 was significantly associated with
better responses to taxanes. Other genetic events on the
17q12-21 and othet chromosomal regions that occur when
ERBB?2 is amplified may be involved in its mechanisms."
TP53 preserves genome integrity as the “guardian of the
genome” in response to various cellular stresses by invoking
cell-cycle arrest and allowing the repair system to eliminate
mutations, or by inducing apoptosis when the correct DNA
repair is not accomplished.” Because most chemotherapeu-
tic agents induce apoptosis through either DNA damage or
microtubule disruption, the TP53 status may affect the sen-
sitivity of tumor cells against these agents. Animal and in
vitro studies, however, failed to show general trends of
associations between TP53 status and drug sensitivity.”'®
The present study also showed inconsistent results in clini-
cal studies. This is probably because only TP53 gene muta-
tions and mutated TP53 protein accumulation have been
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examined, but many mechanisms regulating TP53 protein
activity have never been evaluated, which include post-
translational modification and interaction with other
upstream and downstream molecules.”

The Bcl-2 family of proteins plays a central role in
regulating apoptosis by balancing expression between pro-
and anti-apoptotic family members. Cytotoxic stimuli that
promote apoptosis, including DNA damage or microtubule
disruption by chemotherapy, can be prevented by BCL2
expression. An in vitro study consistently showed that over-
expression of BCL2 increased the resistance of MCF-7 cells
to doxorubicin, and this resistance was positively correlated
with BCL2 expression levels of individual MCF/BCL?2
clones."” In clinical studies, however, the association between
the expression of BCL2 and chemosensitivity was not con-
clusive, mostly due to the small sample size of each study.
The present study showed that patients with BCL2-positive
breast cancer were twice as likely to be resistant to
chemotherapy.

The methodological limitations of studies on the associa-
tion between gene alterations and clinical drug sensitivity
are summarized as follows: (1) all the studies were retro-
spective subgroup analyses; (2) the endpoint of these studies
was the response rate in the metastatic or neoadjuvant
setting, which is not as objective an endpoint as survival; (3)
the sample size of these studies was relatively small; and
(4) the majority of the studies assessed the alterations by
immunohistochemistry using monoclonal antibodies, but no
international standard criteria of positivity and. negativity
have been defined.” In addition, the present study had
major problems, such as large heterogeneity among studies;
publication bias; and a selection bias, in. that studies with
incomplete information were excluded: from this study. In
spite of these limitations, the exploratory analyses in this
study will help select genes for future confirmatory studies
of molecular markers associated with the clinical response
to-cytotoxic chemotherapy.

In conclusion, ABCBI1, TOP2A, ERBB2, and BCL2
were good candidates for future clinical trials of predictive
chemosensitivity tests in patients with breast cancer.
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Background: The mechanism of resistance to human epidermal growth factor receptor 2 (HER?2)-targeted agents
has not been fully understood. We investigated the influence of PIK3CA mutations on sensitivity to HER2-targeted

agents in naturally derived breast cancer cells.

Materials and methods: We examined the effects of Calbiochem (CL)-387,785, HER2 tyrosine kinase inhibitor,
and trastuzumab on cell growth and HER2 signaling in eight breast cancer cell lines showing HER2 amplification and

trastuzumab-conditioned BT474 (BT474-TR).

Results: Four cell lines with PIK3CA mutations (E545K and H1047R) were more resistant to trastuzumab than the
remaining four without mutations {mean percentage of control with 10 pg/mi trastuzumab: 58% versus 92%;

P = 0.010). While PIK3CA-mutant cells were more resistant to CL-387,785 than PIK3CA-wild-type cells (mean
percentage of control with 1 pM CL-387,785: 21% versus 77%; P = 0.001), CL-387,785 retained activity against
BT474-TR. Growth inhibition by trastuzurnab and CL-387,785 was more closely correlated with changes in
phosphorylation of S6K (correlation coefficient, 0.811) than those of HER2, Akt, or ERK1/2. Growth of most
HER2-amplified cells was inhibited by LY294002, regardiess of PIK3CA genotype.

Conclusions: PIK3CA mutations are associated with resistance to HER2-targeted agents. PI3K inhibitors are
potentially effective in overcoming trastuzumab resistance caused by PIK3CA mutations. S6K phosphorylation is

a possibly useful pharmacodynamic marker in HER2-targeted therapy.

Key words: breast cancer, HER2, PIK3CA, trastuzumab

introduction

Breast cancer is the leading cause of cancer death among
women worldwide, with ~1 million new cases reported each
year [1, 2]. Approximately 20% of breast cancer tumors show
overexpression of the HER2 protein, which is mainly caused by
gene amplification. HER2 overexpression has been repeatedly
identified as a poor prognostic factor [3, 4]. Trastuzumab is

a humanized mAb targeting the extracellular domain of the
HER?2 protein. From the late 1990s, clinical studies have
intensively evaluated the therapeutic roles of trastuzumab. For
the treatment of HER2-overexpressing metastatic breast
cancets, studies report that a combination of trastuzumab and
conventional chemotherapy shows significantly higher efficacy
than chemotherapy alone [5]. The use of trastuzumab has
extended to the treatment of operable HER2-overexpressing
breast cancer as an adjuvant or neoadjuvant [6-8]. Despite
promising usefulness in clinics, a modest percentage of patients
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are reported to benefit from trastuzumab therapy, with
response rates to trastuzumab as a single agent of ~20% [9]. In
addition, even when trastuzumab therapy leads to temporary
tumor shrinkage, clinical relapse is observed for the vast
majority of metastatic patients. To develop.adequate therapies
capable of overcoming primary and secondary resistance to
trastuzumab, a better understanding of the resistance
mechanism is crucial.

To date, several mechanisms of primary resistance to
trastuzumab have been proposed. A series of studies indicated
that trastuzumab resistance is due to the truncated form of
HER2, which lacks an extracellular domain to which
trastuzumab is indicated to attach [10, 11]. Nagata et al. [12]
demonstrated that loss of phosphatase and tensin homolog
deleted on chromosome 10.(PTEN), a negative regulator of
PI3K, correlates with poor response to trastuzumab. More
recently, the roles of PIK3CA in trastuzumab resistance have
been under particular investigationi. Somatic mutations of
PIK3CA were first identified in-2004 in'various malignant
tumors including breast cancer {13}. Subsequent studies have
reported that the E545K and H1047R hotspot mutations, found
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on exons 9 and 20, respectively, are the most frequent types of
mutation, found in 8%-40% of breast cancer tumors {13-16].
Both hotspot mutations are gain-of-function mutations which
transform normal mammary epithelial cells [17, 18]. Berns et al.
{19] investigated the roles of gain-of-function mutations of the
PIK3CA gene in trastuzumab resistance by transfecting wild-type
and mutant (H1047R) forms of PIK3CA in SKBR-3 HER2-
overexpressing breast cancer cells. Results showed that compared
with green fluorescent protein (GFP) control, both wild-type and
mutant PIK3CA transfections resulted in trastuzumab resistance.
Further, analysis of PIK3CA genotypes in tumor samples
obtained from breast cancer patients having undergone
trastuzumab-based therapy showed an association between the
presence of PIK3CA hotspot mutations and shorter time to
progression after therapy [19].

Tyrosine kinase inhibitors (TKIs) have also been investigated
as potential agents against trastuzumab resistance [20]. A
clinical study in metastatic breast cancer patients having
previously experienced tumor progression under trastuzumab-
based therapies showed that compared with capecitabine alone,
treatment using a combination of capecitabine with lapatinib,
a dual inhibitor of epidermal growth factor receptor (EGFR)
and HER2 tyrosine kinase, lead to significantly longer time to
progression [21]. Eichhorn et al. [22], however, demonstrated
that transfection of mutant PIK3CA (H1047R) in BT474
HER2-overexpressing breast cancer cells resulted in resistance to
lapatinib compared with parental cells. Further, results showed
that resistance was overcome using NVP-BEZ235, a PI3K and
mammalian target of rapamycin dual inhibitor [22].

These findings based on gene manipulations indicate that gain-
of-function mutations in the PIK3CA gene lead to resistance to
trastuzumab, as well as HER2-TKI. To our knowledge, however,
these findings have not been confirmed in naturally derived
breast cancer cells. Here, trastuzumab resistance due to PIK3CA
mutations was evaluated in eight naturally derived breast cancer
cell lines harboring HER2 gene amplification. Further, possible
therapeutic means to overcome primary and secondary resistance
to trastuzumab were investigated, as well as potential
pharmacodynamic markers correlated with the growth-inhibitory
effect of HER2-targeted drugs.

materials and methods

cell culture

MCF-7, MDA-MB-361, HCC1954, MDA-MB-453, UACC893, CAMA-1,
MDA-MB-4355, MDA-MB-415, ZR75-30, HCC70, MDA-MB-468, and
HCC1419 cell lines were purchased from the American Type Culture
Collection (Manassas, VA). BT474, SKBR-3, BT549, T47D, ZR75-1, and
MDA-MB-231 cells were kindly provided by Ian Krop of the Dana-Farber
Cancer Institute. Of the 18 breast cancer cell lines, eight (ZR75-30, BT474,
SKBR-3, HCC1419, MDA-MB-453, MDA-MB-361, HCC1954, and UACC
893) were reported to have HER2 gene amplification [23], with levels of
PTEN protein expression equivalent to those reported in our previous
study [24]. Among the HER2-amplified cell lines; ZR75-30, SKBR-3, and
HCC1419 were reported to contain the wild-type PIK3CA gene and MDA-
MB-453, MDA-MB-361, HCC1954; and UACC893 hotspot PIK3CA
mutations. (Table 1) {14]. BT474 was reported to' contain a relatively rare
type of PIK3CA mutation at exon 2, K11IN (Table 1) [14]. MDA-MB-435S,
MDA-MB-468, and MDA-MB-231 cells were maintained in Dulbecco’s
Modified Eagle’s Medium (Cellgro; Mediatech, Inc., Herndon, CA) with
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Table 1. Genotype of PIKICA in HER2-amplified breast cancer cell lines

BT474

ZR75:30 .. - : wt
SKBR-3 wt
HCCH419 « : wt
MDA-MB-361 _ E545K
MDA-MB-453 HI047R
HCC1954 HI047R
UACC893 HI047R
wt, wild-type.

10% fetal bovine serum (FBS) (Gemini Bio-Products, Inc., Woodland, CA),
100 U/ml penicillin, 100 U/ml streplomycin, and 2 mM glutamine. The
remaining cell lines were maintained in RPMI-1640 medium (Cellgro;
Mediatech, Inc.) supplemented with 10% FRBS, 100 U/m! penicillin, 100 W/
ml streptomycin, and 2 mM glutamine. All cells were grown at 37°C in

a humidified atmosphere with 5% CO; and were in logarithmic growth
phase at initiation of the experiments.

drugs

Trastuzumab was obtained from the Kobe University Hospital pharmacy.
CL-387,785, a dual inhibitor of EGFR and HER2 [25], and LY294002,

a P13K inhibitor, were purchased from Calbiochem (San Diego, CA). Stock
solutions were prepared in dimethyl sulfoxide (DMSO) and stored at
—20°C. Before each experiment, drugs were diluted in fresh media. The
final DMSO concentration was <0.1% for all experiments.

antibodies and western blotting

Cells ‘were washed with ice-cold phosphate-buffered saline and scraped
immediately after adding lysis buffer {20 mM Tris (pH 7.5), 150 mM NaCl,
10% glycerol, 1% Nonidet P-40, and 2 mM EDTA} containing protease and
phosphatase inhibitors (100 mM NaF, 1 mM phenylmethylsulfonyl
fluoride, 1 mM Na3VOy, 2 pg/ml aprotinin, and 5 pg/m! leupeptin). Lysates
were centrifuged at 14 000 relative centrifugal force for 10 min.
Supernatants were collected as protein extract and then separated by
electrophoresis on 7.6% polyacrylamide-sodium dodecyl sulfate gels;
followed by transfer to nitrocellulose membranes (Millipore Corporate
Headquarters, Billerica, MA) and detection by immunoblotting using an
enhanced chemiluminéscence system (New England Nuclear Life Science
Products, Inc., Boston, MA). The resulting signals were digitally quantified
using the Image] software (www.nih.gov). Phospho-HER2/ErbB2
(Thr1221/1222), phospho-p70 S6 Kinase (Thr389), phospho-Akt
(Serd73)(D9YE), and PathScan(R) Multiplex Western Cocktail I were
purchased from Cell Signaling Technology (Beverly, MA). The phospho-1/2
(pT185/pY187) antibody was purchased from Biosource International Inc.
(Camarillo, CA); the ¢-erbb-2 antibody from Chemicon (Billerica, MA),
and B-actin antibody from Sigma-Aldrich (St Louis; MOY).

cell . growth assay

Growth inhibition was assessed using the 3-(4,5-dimethylthiazol-2-y1)-5-
(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay
(Promega, Madison, WI), a colorimetric method for determining the
number of viable cells based ‘on the bioreduction of MTS to a soluble
formazan product, which is detectable by spectrophotometry at

a wavelength of 490 nm. Cells were diluted in 160 pl/well of maintenance
cell culture media and plated in 96-well flat-bottom plates (Corning, Inc,,
Corning, NY). After a 96-h growth period, the number of cells required to
obtain an absorbance of 1.3-2.2, the linear range of the assay, was
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determined for each cell line beforehand. The number of cells per welt used
in the subsequent experiments were as follows: MCF-7, 2000; MDA-MB-
361, 8000; HCC1954, 2500; MDA-MB-453, 7000; UACC893, 7500; CAMA-
1, 6000; MDA-MB-435S, 2000; ZR75-30, 7500; HCC70, 4000; HCC1419,
8000; BT474, 3000; SKBR-3, 2500; BT549, 2000; T47D, 2500; ZR75-1, 7500;
MDA-MB-415, 5000; and MDA-MB-231, 2500. At 24 h after plating, cell
culture media were replaced with 10% FBS-containing media with and
without trastuzumab or CL-387,785, followed by incubation for an
additional 120 h. Trastuzumab and CL-387,785 concentrations ranged from
33 ng/ml to 100 pg/ml and from 3.3 nM to 10 pM, respectively. A total of
6-12 plate wells were set for each experimental point, and all experiments
were carried out at least in triplicate. Data are expressed as percentage of
growth relative to that of untreated control cells,

generation of in vitro BT474-TR

To generate a cell line resistant to trastuzumab, BT474 cells were
continuously exposed to 100 pg/ml trastuzumab. To confirm the emergence
of resistant clones, MTS assays were carried out every five passages afier
allowing cells to grow in drug-free conditions for at least 4 days. After |1
months of drug exposure, cells showed sufficient resistance (Figure 1) and
were designated as BT474-TR. For controls, BT474 parental cells were
concomitantly maintained without trastuzumab, and drug sensitivity was
compared with trastuzumab-conditioned cells. No significant change in the
sensitivity to trastuzumab was observed in parental cells during the drug-
exposure period (data not shown).

results
inhibitory effect of trastuzumab on growth in
breast cancer cell lines

We first screened 17 breast cancer cell lines for in vitro growth
inhibition using trastuzumab. We confirmed that all relatively
sensitive cell lines were HER2-amplified (Figure 2A). Among

eight HER2-amplified cell lines, those with hotspot mutations
in PIK3CA appeared resistant compared with the remaining cell
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Figure 1. Development of BT474-TR. BT474 cells were continuously
exposed to 100 pg/ml trastuzumab. BT-474 and trastuzumab-conditioned
BT474 cells were grown in 10% seruin-containing media for 5 days in the
presence of various concentrations of trastuzumab. The percentage of
viable cells is shown relative to that of the untreated control and plotted on
the y-axis, whereas trastuzumab concentrations are plotted on the x-axis.
Each data point represents the mean value and standard deviation of 6-12
replicate wells. Trastuzumab resistance increased in cells in a time-
dependent manner. After 11 months, cells were designated as BT474-TR.
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lines (Figure 2B and C). We categorized RT474 as a PIK3CA
wild-type cell line in this study, based on reports showing that
the KITIN mutation lack ability of transformation and its
influence on downstream signaling is negligible [18, 26]. A
significant difference in sensitivity at 10 pg/ml trastuzumab was
observed between PIK3CA-wild-type and -mutant cefls (Figure
2CG; P = 0.010). Protein expression levels of p110-a, the product
of PIK3CA, were not correlated with sensitivity to trastuzumab
(Figure 2C).

association between PIK3CA mutations
and HER2-TKI resistance

Lapatinib, a [1ER2-TKI which may potentially overcome
trastuzumab resistance, has been used in clinical settings [21].
We therefore tested a commercially available HER2-TKI, CL-
387,785 {25], on HERZ-amplified breast cancer cells. As shown
in Figure 2D, cell lines with hotspot PIK3CA mutations showed
resistance to CL-387,785. A statistically significant difference in
sensitivity to 1 uM CL-387,785 was observed between PIK3CA-
wild-type and -mutant cells (Figure 2C; P = 0.001) [24].

We then established a trastuzumab-resistant BT474 cell line
(BT474-TR), a model of secondary resistant cells, by
continuous exposure to trastuzumab (see ‘Materials and
methods’ section). In contrast to PIK3CA-mutant cells, which
showed primary resistance to trastuzumab, BT474-TR cells
remained sensitive to' CL-387,785 (Figure 3), which indicates
that secondary resistant cells maintain dependency on HER2
signaling for growth.

association between phosphorylation change in
S6K and growth inhibition by HER2-targeted
agents

To identify potential pharmacodynamic markers of sensitivity to
HER2-targeted therapy, we examined changes in phosphorylation
of HER2 and representative downstream signaling molecules in
10% FBS:-containing media with or without 10 pg/ml
trastuzumab ‘or 1 uM CL-387,785 (Figure 4A). The trastuzumab
concentration was selected based on maintained growth inhibition
(Figure 2B) and wide use in previous studies [11; 19]. The 1-uM
CL-387,785 concentration was selected based on the
approximate maximum plasma concentration of most TKIs
available in clinics to date, including lapatinib [27], and use in
previous studies [28, 29].

Trastuzumab treatment resulted in moderate
phosphorylation inhibition of Akt and/or S6K in cell lines with
wild-type PIK3CA. In contrast, no significant changes in Akt
and S6K phosphorylation were observed in cell lines with
hotspot mutant PIK3CA, as well as in BT474-TR cells.
Although in ZR75-30, trastuzumab treatment appeared to
inhibit phospho-ERK1/2, no significant changes were observed
in other sensitive cells, namely BT474 and SKBR-3 (Figure 4A).
In addition, phospho-ERK1/2 levels increased in MDA-MB-361
and UACC893, which indicates the presence of compensational
cell signaling. Further, with the exception of HCC1419,
treatment with CL-387,785 resulted in significant inhibition of
Akt and S6K phosphorylation in BT474-TR and PIK3CA-wild-
type cells, whereas residual phosphorylation signals were
observed in all PIK3CA hotspot mutant cells.
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