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HER2 positive breast cancer represent about 20% of all breast cancer subtypes and it was considered the subtype with
the worst prognosis until the discovery of therapies directed against the HER2 protein. The determination of the status of
the HER2 must be very precise and well managed to identify this subtype, and there are very specific and updated guides
that allow its characterization to be adjusted.
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| 1. Treatment in First Line

The combination of taxane with trastuzumab and pertuzumab (CLEOPATRA TRIAL & placebo plus trastuzumab plus
docetaxel (control group) or pertuzumab plus trastuzumab plus docetaxel (pertuzumab group)) has shown impressive
survival rates in patients with metastatic HER2-positive disease in the first line of treatment. After a median follow-up of
99.9 months @, a median overall survival of 57.1 months in the pertuzumab group vs. 40.8 in the control group (without
pertuzumab) was observed. This supposes an improvement of 16.3 months and a risk for death decreased by 31% (HR
for overall survival: 0.68 95% CI, 0.56-0.84; p < 0.001).

Pertuzumab was well tolerated, and the toxicity was very low, with diarrhea, skin rash, headache, and muscle spasm
being the most relevant. Nor were differences observed in cardiotoxicity, which was also very low &, with these data, the
trastuzumab, pertuzumab, and taxane regimen were established as the standard first-line treatment in patients with
HER2-positive MBC !,

Although the analysis of overall survival in predefined subgroups indicated a consistent survival benefit, it is important to
analyze the results in these subgroups. The majority of the patients were confirmed HER2 positive (91%), half were
estrogen-receptor positive, and 77% had visceral disease. It is interesting that the 50% not received previous adjuvant or
neoadjuvant therapy @,

In the subgroup analysis, it was observed that the 88 patients who received prior treatment with neoadjuvant or adjuvant
trastuzumab had an overall survival benefit with a hazard ratio of 0.68 (95% CI 0.30 to 1.55).

The early relapse subgroup was not represented in the CLEOPATRA trial, being a subgroup with a particularly poor
prognosis . However, the combination treatment with trastuzumab plus pertuzumab was approved in the first line
regardless of the relapse time. In the EMILIA trial [ (T-DM1 versus lapatinib plus capecitabine), this subgroup was
included in a small proportion (15%), finding a benefit in favor of treatment with T-DM1, therefore the regulatory agencies
approved the treatment with T-DM1 in this subgroup 4.

| 2. Improvement in This Area: Results of pi3ka Mutations

PIK3CA mutation is a signaling oncogenic that activates the (PI3K)/AKT/mTOR pathway and acts as an oncogenic driver
and regulates cell growth, proliferation, survival, differentiation, angiogenesis and many other cell functions.

In the analysis of biomarkers with effect on survival benefit, PIK3CA was the only biomarker that showed prognostic effect,
with longer median disease free survival (DFS) for patients whose tumors expressed wild-type versus mutated PIK3CA in
both the control (13.8 vs. 8.6 months) and pertuzumab groups (21.8 vs. 12.5 months) . Although patients with PIK3CA
mutations also benefit from the combination with pertuzumab, the DFS is only 12 months. PIK3CA mutation identifies
patients with high unmet needs, despite deriving DFS benefit from treatment with pertuzumab plus trastuzumab plus
docetaxel. Thus, new trials combining HER2-targeted therapy and PIK3 inhibitors are currently underway.



There are some trials to investigate the role of PIK3CA inhibitors to improve the results in patients with PIK3CA mutations.
One interesting trial is the Solti-1507, it is a phase Ib study of ipatasertib and anti-HER2 therapy in her2-positive advanced
breast cancer with PIK3CA mutation (ipather) [&l.

| 3. Improvement in This Area: Combination with Endocrinotherapy

Another approach is the use of antiHER2 therapy with endocrine-therapy in patients with hormonal receptor expression. In
the CLEOPATRA trial, the benefit in overall survival for positive estrogen receptor was worse than negative estrogen
receptors (HR 0.73 vs. HR: 0.57), so its addition to endocrine therapy could be an attractive approach . Also, the
CLEOPATRA trial does not allow maintenance endocrine therapy. Thus, the value of endocrine therapy in this setting is
unknown.

In the PERTAIN trial &, it was hypothesized that pertuzumab, trastuzumab, and an endocrine-therapy (aromatase
inhibitor) may offer additional benefits compared with trastuzumab plus an aromatase inhibitor for HER2—positive and
hormone receptor—positive MBC or locally advanced breast cancer (LABC) in first line. Induction intravenous docetaxel
every 3 weeks or paclitaxel every week could be administered for 18 to 24 weeks at the investigator’s discretion.

The median DFS was 18.89 months (95% CI, 14.09 to 27.66 months) in the pertuzumab plus trastuzumab arm and 15.80
months (95% ClI, 11.04 to 18.56 months) in the trastuzumab arm (stratified hazard ratio, 0.65; 95% CI, 0.48 to 0.89; p =
0.0070). In patients who did not receive induction chemotherapy, the pertuzumab plus trastuzumab showed a longer DFS
(21.72 months) than trastuzumab arm (12.45 months; unstratified HR: 0.55; 95% ClI, 0.34 to 0.88). Whereas patients who
received induction chemotherapy the DFS was similar (16.8 months vs. 16.85; unstratified HR: 0.75; 95% CI, 0.50 to
1.13). Finally authors concluded that pertuzumab plus trastuzumab and an aromatase inhibitor is effective for the
treatment of these patients.

| 4. Improvement in This Area: T-DM1 in First Line MBC

Treatment with T-DM1 in the first line is not indicated except for the early relapse subgroup, which has been previously
commented upon, based on the results in favor of T-DML1 in the global series, but the benefit of T-DM1 in this subgroup is
unknown.

The role of first-line T-DM1 was considered in the MARIANNE phase Ill randomized controlled trial, 2% which compared T-
DM1, alone or with the combination of pertuzumab, trastuzumab, and taxane. This study showed a non-inferiority of TDM
compared to the combination of pertuzumab, trastuzumab and taxane. Other series with retrospective studies 11 also
showed poorer survival with T-DM1 compared to the combination of trastuzumab plus pertuzumab. Therefore, the
combination of trastuzumab + pertuzumab + docetaxel remains the best first-line treatment option for metastatic breast
cancer.

| 5. Improvement in This Area: Other First-Line Approaches

New active drugs and special scenarios has been studied and compared to standard treatment with the combination to
trastuzumab plus pertuzumab. Trastuzumab deruxtecan and pyrotinib are very promising drugs that are being
investigated their activity in first line treatment. New treatment with immune checkpoint inhibitors such as atezolizumab is
also being studied in this situation. Finally, special situations such as positive receptors or brain metastasis are being
investigated with specific therapy.

Other conditions that are being investigated are maintenance after a first line of standard treatment, such as the
aforementioned maintenance with hormonal treatment (PERTAIN trial) or with AKT inhibitors (IPATHER). Moreover, the
role of cyclin inhibitors (PALBOCICLIB) in this setting is currently being studied. Table 1 summarizes trials that are
ongoing in these conditions.

Table 1. New approaches in first line.

Clinical Trial Phase Treatment Arm Study Conditions Enrollment
NCT04246502 Phase Il Capecitabine plus pyrotinib First Line 200
NCT03199885 Phase Il Atezolizumab First Line 600

NCT04784715 Phase Il Trastuzumab deruxtecan First Line 1134



Clinical Trial Phase Treatment Arm Study Conditions Enrollment

NCT03910712 Phase I Pyrotinib plus aromatase inhibitor HR positive 250
NCTO04088110 Phase Il Pyrotinib plus aromatase inhibitor HR positive 77
NCT04760431 Phase Il Pyrotinib or tucatinib Brain metastases 120
NCT04263298 Phase llI Fulvestrant Maintenance 368
NCT03304080 Phase I/l Palbociclib HR positive 36
NCT 02947685 Phase Il Palbociclib Maintenance 496
NCT04253561 Phase Ib Ipatasertib Maintenance 25

| 6. Treatment in Second Line

The data with T-DM1 are very consistent for patients who progress to a first line. T-DM1 is an antibody-drug conjugate that
is composed of an antibody targeting HER2 conjugated via a non-cleavable linker to DM1, an emtansine analogue that
inhibits microtubules. We have very robust data suggesting that T-DM1 is highly effective in this setting initially based on
the EMILIA data 12, which compared T-DM1 with capecitabine and lapatinib. In the primary progression-free survival
analysis of EMILIA [ median DFS was 9.6 months in the trastuzumab emtansine group and 6.4 months in the
capecitabine plus lapatinib group (hazard ratio 0-65 [95% CI 0.55-0.77]; p < 0.0001). T-DM1 also significantly increased
overall survival (30.9 vs. 25.1 months; HR, 0.68; 95% CI, 0.55-0.85; p < 0.001). This benefit was observed across all
subgroups, regardless of hormone receptor status and site of metastatic disease. Fewer grade 3 or worse adverse events
were reported for trastuzumab emtansine versus capecitabine plus lapatinib (41% vs. 57%).

Therefore, only a small number of patients in EMILIA have received previous pertuzumab treatment. Even so, a limitation
of the EMILIA study is that it does not provide evidence regarding the efficacy of trastuzumab emtansine after a patient
has been treated with trastuzumab plus pertuzumab combination 22,

In the TH3RESA phase 3 trial, 3 has also shown improved DFS and OS with T-DM1 in patients with HER2-positive MBC
who have been exposed to 2 anti-HER?2 lines of therapy, including trastuzumab and lapatinib. T-DM1 improved the final
overall survival compared with treatment of physician’s choice with a median overall survival pf 22.7 months vs. 15.8
months (HR 0.68 0.54-0.85; p = 0.0007).

Additional data for the use of trastuzumab emtansine in patients previously treated with HER2-targeted therapy plus
chemotherapy will be obtained from real-world life studies. The Bahceci cohort 14 with 414 patients treated with T-DM1 in
different lines, including anti HER2 therapy, shows an overall survival of 41 months, similar in first and second lines.
However, in this cohort, there was a 30% of patients that are previously treated with lapatinib combinations and only 1%
with pertuzumab combination. Battisti et al. 13 reported the Royal Marsden experience with T-DM1 in 128 patients with a
30% of previously treated with pertuzumab and shows a median disease-free survival and overall survival of 8 and 20
months respectively, and being very similar in the subgroup of patients who received prior treatment with pertuzumab.

The most important study to analyze T-DML1 after progression to previous treatments was the phase 3b KAMILLA study
(28] with 2002 patients achieving a median disease-free survival and overall survival of 6.9 and 27.2 months respectively.
Median DFS and OS decreased numerically with increasing prior lines of therapy. In patients with 0 to 1 prior lines of
therapy, median DFS was 8.3 months, whereas in patients with 4 or more prior lines of therapy was 5.6 months. OS was
31.3 months in patients with 0 to 1 prior lines of therapy and 22.5 months in patients with 4 or more prior lines of therapy.

Table 2 summarizes the results of the most important trials of T-DM1 for previously treated metastatic breast cancer and
the survival for the T-DML1 treated patients.

Table 2. Main trials of TDM-1.

Trial Type Size Previous Treated DFS oS
EMILIA Phase llI 991 Trastuzumab and taxane 9.6 30.9
TH3RESA Phase Il 602 Trastuzumab and lapartinib 6.2 22.7

Baheci RWD 414 37% in second line 12 41



Trial Type Size Previous Treated DFS oS

Battisti RWD 128 30% with pertuzumab 8 20

KAMILLA Phase llib 2020 22% in second line 6.9 27.2

| 7. Treatment beyond Second Line

New agents have been developed in patients who had progressed on taxane, trastuzumab, pertuzumab, and T-
DML1. Table 3 lists the most developed drugs that will be explained below.

Table 3. New drugs after second line treatment.

Drugs Family

Lapatinib TKI
Neratinib TKI
Tucatinib TKI
Trastuzumab deruxtecan ADC
Margetuximab Monlclonal Antibody
Pyrotinib TKI
Trastuzumab duocarmazine ADC

Palbociclib and abemaciclib CDH 4/6 inhibitors
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