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Background: The purpose of this study was to investigate the therapeutic efficacy and prognosis of serum HER2 (sHER2) in patients
with advanced breast cancer.

Methods: We analyzed the sHER2 levels of 200 patients with advanced breast cancer receiving first or second line treatment, the
tissue HER2 (tHER2) level was also analyzed. Indicators of therapeutic efficacy and prognosis were objective response rate (ORR),
disease control rate (DCR), and time to progression (TTP).

Results: The baseline sHER2 level was high in 132 patients and low in 68 patients. The high level of sHER2 is correlated with
molecular subtype (p=0.016), visceral metastasis (p<0.001), liver metastasis (p<0.001), tissue HER-2 (tHER2) (p=0.001), and, among
tHER2-low tumors (59 patients), the baseline sHER2 high level was associated with a higher proportion of brain metastasis. The ORR
of patients with baseline sHER2 high level is higher than those with baseline sHER2 low level (p=0.026). The TTP of patients with
baseline SHER2 low level is longer than the patients with baseline SHER2 high level (p=0.024). For patients with baseline sHER2 high
level, a significant decrease in sHER2 after two cycles of treatment indicates higher ORR, DCR, and an extension of TTP. After
multiple cycles of treatment, for patients with tHER-2 positive and baseline SHER2 high level, the DCR in the sHER2 decrease in the
negative group was higher than that in the continuous positive group (p=0.037). Patients with a rapid decline type of sHER2 dynamic
change curve had higher ORR and prolonged TTP compared with patients with other types of sHER2 dynamic change curve. There is
no correlation between OS and sHER?2 levels.

Conclusion: Our study showed that patients with advanced breast cancer had a high level of sHER2 at recurrence, regardless of
whether they are tHER2 positive or negative. Dynamic detection of sHER2 can help predict therapeutic efficacy and prognosis,
regardless of whether tHER-2 is positive or negative.
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Introduction

Breast cancer is one of the most common malignant tumors in women worldwide. In 2020, the World Health
Organization’s International Agency for Research on Cancer (IARC) released the latest global cancer burden data,’
reporting 2.26 million new cases of breast cancer worldwide, making it the largest cancer in the world. Breast cancer is
a heterogeneous disease which can be classified into four molecular subtypes: Luminal A, Luminal B, HER2-enriched
(20-25%), and triple-negative.”® Advanced breast cancer is an incurable disease, but survival improvements have been
reported with appropriate therapeutic strategies.” CA 15-3, CA125, and CEA are commonly used in breast cancer
patients as tumor markers. But these markers may lack sensitivity and specificity.” Therefore, exploring new tumor
markers is of great significance for monitoring breast cancer recurrence and metastasis.
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HER?2 is the key oncogene and tumor treatment target of HER2 positive breast cancer. The extracellular domain
(ECD) of the HER2 protein on the surface of breast cancer cells can be cleaved by metalloproteases and enter the
circulation, which can be detected as serum HER2 (sHER2).®’ Nearly 50% of advanced breast cancer patients have
elevated sHER2 levels (>15 ng/mL). Studies show that elevated sHER2 levels are usually associated with poor
prognosis.®'® Serum HER2 can be continuously measured, which can be used to monitor treatment response, predict
recurrence and metastasis, and evaluate HER2 status in real time follow-up.'"'?

However, the predictive and prognostic value of sHER2 levels in advanced breast cancer remains controversial, with
even conflicting results from different studies.'* "> Retrospective studies'® have shown that the low expression of HER2
is highly unstable in the process of cancer development. The clinical utility of sHER2 in the therapeutic efficacy and
prognosis in patients with advanced breast cancer is yet unclear.

Two hundred patients with advanced breast cancer treated with first-line or second-line chemotherapy were tested for
sHER?2 values at least three times. The correlation between the SHER2 level and clinicopathological characteristics,
therapeutic efficacy, prognosis of the patients, and the change trend were analyzed. The purpose was to investigate the
predictive value of dynamic detection of sHER2 in the clinical application of advanced cancer patients. The results may
provide reference for clinical treatment decisions of patients with advanced breast cancer.

Materials and Methods

Patients

We retrospectively analyzed 200 patients with advanced breast cancer patients undergoing first or second line treatment
in Tianjin Medical University Cancer Institute and Hospital between July 2016 and January 2020. Baseline levels of
sHER?2 were detected in all patients.

The tumor recurrence or metastasis site of the patients was confirmed by tumor biopsy, ultrasound, chest computed
tomography (CT), magnetic resonance imaging (MRI), emission computed tomography (ECT), or positron emission
tomography/computed tomography (PET/CT). Patients were treated as needed with chemotherapy, endocrine, and
radiotherapy therapy according to NCCN and ESMO Clinical Practice guidelines, and HER2-positive patients were
treated with anti-HER2 therapy. After every two treatment cycles, clinical examination and image-based assessment are
used to evaluate the treatment efficacy. Evaluation of tumor lesions and lymph nodes was according to the Response
Evaluation Criteria in Solid Tumors (RECIST) guidelines (version 1.1).!7 The progress of the patient’s condition is
judged by two clinicians combined with imaging and clinical manifestations.

Clinicopathological information including primary tumor size, age at diagnosis, histological grading, lymph node
status, ER, PR, HER2 and Ki67 expression, metastasis site (visceral, liver, lung, and brain metastasis), and therapeutic
efficacy were retrospectively collected. Indicators of therapeutic efficacy and the prognosis of this study were the
objective response rate (ORR), disease control rate (DCR), and time to progression (TTP).

HER2 Evaluation and Other Biomarkers Evaluation
The tHER?2 status is assayed by immunohistochemistry (IHC) and HER2 gene amplification by fluorescence in situ
hybridization (FISH). tHER2-low refers to patients with THC 1+ or IHC 2+ who have a negative FISH test. ER, PR,'®!?
and Ki-67° were assayed by IHC. Immunohistochemistry was performed on formalin-fixed, paraffin-embedded samples.
Fasting venous blood was used to detect sHER2 level. Baseline sHER2 level was obtained from each patient before
starting treatment. The sHER2 level was measured on an ADVIA Centaur XP automatic chemiluminescence immu-
noassay analyzer (Siemens, Germany). According to the recommendations of the Food and Drug Administration and
manufacturers, the sHER2 cut-off value of 15 ng/mL was used as the cut-off point.?' SHER2 >15 ng/mL is defined as the
threshold of high sHER2 level (positive) and sHER2 <15 ng/mL is considered as a low sHER2 level (negative).
According to previous studies,”** compared with the baseline SHER2, those with a level of SHER2 which had
decreased by 20% were defined as the significant decrease group, those with a change of sSHER2 of less than 20% were
defined as the no significant change group, and a 20% or more increase in the level of sHER2 compared with baseline
was defined as a significant increase group after two cycles treatment.
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The patients in the baseline sSHER2 high level group were divided into decrease to negative group and continuous positive
group according to whether the value of sHER2 can be reduced to negative after treatment and last for at least two cycles.
The patients in the baseline SHER2 low level group were divided into the continuous negative group and increase to the
positive group according to whether the value of SHER2 remains negative after multiple cycles of treatment.

Objective Response Rate (ORR) and Disease Control Rate (DCR)

The objective response rate (ORR) is the proportion of patients whose tumors have shrunk to a certain extent and
maintained for a certain time, including patients whose therapeutic efficacy has reached complete response (CR) (all
lesions have disappeared and maintained for 4 weeks or more) and partial response (PR) (lesions have shrunk by>30%
and maintained for 4 weeks or more).

Disease control rate (DCR) refers to the percentage of cases with remission and stable lesions after treatment,
including CR, PR, and stable disease (SD) (focal reduction less than 30% and increase less than 20%).

Follow-Up

Follow-up was conducted through examination, hospitalization records, and telephone communication. The follow-up
time was up to the death of the patient or May 31, 2023. In this study, time to progress (TTP) refers to the time from the
beginning of treatment to the occurrence of progress in the patient. Two clinicians judge whether the patient has
progressed according to the imaging and clinical manifestations of the patient.

Statistical Analyses

The statistical analysis was carried out by SPSS 25.0 software. Pearson Chi square test was used for the comparison of
quantitative data. Kaplan-Meier method was used for survival analysis. p<0.05 showed that the difference was
statistically significant.

Results
The Relationship Between Baseline sHER2 Level and Clinicopathological

Characteristics

There were 200 metastatic breast cancer patients in this study, including 102 tHER2 positive and 98 tHER2 negative
patients (59 tHER2-low tumors were included). The baseline of sHER2 level was high in 132 (66.0%) and low in 68
(34.0%) patients. Regardless of the expression of tissue HER-2(tHER-2) is positive or negative by ITHC and FISH,
sHER2 high level can occur during relapse or metastasis in advanced breast cancer.

Baseline sHER?2 levels were correlated with molecular subtypes of metastatic breast cancer (p=0.016, Table 1). Forty-five
cases (34.09%) were tHER?2 positive type in the sHER2 high level group, while 14 cases (20.59%) were tHER2 positive type
in the sHER2 low level group. There were 30 (44.12%) patients with luminal B (tHER2 negative) type in the sHER2 low
level group, and 35 (26.52%) patients with luminal B (tHER2 negative) type in the SHER2 high level group. Seventy-eight
cases (59.10%) were tHER2 positive and 54 cases (40.90%) were tHER2 negative in the sSHER2 high level group. Twenty-
four cases (35.29%) were tHER2 positive and 44 cases (64.71%) were tHER2 negative in the SHER2 low level group.

The incidence of visceral metastasis in sHER2 high level group (94 patients, 71.21%) was higher than that in the
sHER2 low level group (30 patients, 44.12%) (p<0.001). The patients with liver metastasis were 53 cases (40.15%) in the
sHER?2 high level group and seven cases (10.29%) in the sHER2 low level group (p<0.001, Table 1).

Among the tHER2 low level group (59 cases), the baseline sHER2 high level patients had a higher proportion of brain
metastasis (16.67% vs 26.83%, p<0.05).

The ORR of Patients with Baseline sHER2 High Level is Higher Than Those with

Baseline sHER2 Low Level
In 132 patients with baseline sHER2 high level, ORR was 40.91% and DCR was 92.42% (including 54 cases of PR, 68
cases of SD, and 10 cases of PD). In 68 patients with baseline SHER2 low level, ORR was 25% and DCR was 92.65%
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Table | Correlation Between Baseline sHER2 Levels with Clinicopathological Characteristics in
Patients with Advanced Breast Cancer

Clinicopathological Baseline sHER2 | Baseline sHER2 P a
Characteristics High Level Low Level
n (%) n (%)
Total 132 68
tHER2 0.001 10.170
Negative 54 (40.90) 44 (64.71)
Positive 78 (59.10) 24 (35.29)
Age 0.327 2.236
<35 12 (9.09) 8 (11.76)
35-65 113 (85.61) 53 (77.94)
265 7 (5.30) 7 (10.29)
Molecular subtype 0.016 12.229
Luminal A 2 (1.52) 4 (5.88)
Luminal B (tHER2 negative) 35 (26.52) 30 (44.12)
Luminal B (tHER2 positive) 33 (25.00) 10 (14.71)
tHER2 positive 45 (34.09) 14 (20.59)
TNBC 17 (12.88) 10 (14.71)
ER 0.060 3.540
Negative 63 (47.73) 23 (33.82)
Positive 69 (52.27) 45 (66.18)
PR 0.373 0.792
Negative 67 (50.76) 30 (44.12)
Positive 65 (49.24) 38 (55.88)
Visceral metastasis <0.001 13.984
Yes 94 (71.21) 30 (44.12)
No 38 (28.79) 38 (55.88)
Liver metastasis <0.001 19.052
Yes 53 (40.15) 7 (10.29)
No 79 (59.85) 61 (89.71)
Brain metastasis 0.579 0.308
Yes 15 (11.36) 6 (8.82)
No 117 (88.64) 62 (91.18)

(including 1 case of CR, 16 cases of PR, 46 cases of SD, and 5 cases of PD). The ORR of the baseline sHER2 high level
group was higher than that of the baseline sHER2 low level group (40.91% vs 25.00%, p=0.026, Table 2). There was no
significant difference in DCR between the two groups.
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Table 2 Correlation Between Baseline sHER2 Level and Therapeutic Efficacy

Therapeutic Baseline sHER2 Baseline sHER2 p a
Efficacy High Level (132) Low Level (68)
tHER2 negative (98) CR 0 54 0 44
PR 14 8
SD 35 31
PD 5 5
ORR 14 (25.93%) * 8 (18.18%) © 0.004 * 8.487 °
DCR 49 (90.74%) ° 39 (88.64%) ¢ 0.543 ° 0.370°
tHER?2 positive (102) CR 0 78 [ 24
PR 40 8
) 33 15
PD 5 0
ORR 40 (51.28%) * 9 (37.50%) © 0.079 © 3.091¢
DCR 73 (93.59%) ° 24 (100%) ¢ 0.086¢ 2.944¢
Total ORR 54 (40.91%) © 132 17 (25.00%) © 68 0.026° 4.961°
DCR 122 (92.42%) f 66 97.06%) f 0.933f 0.003"

Notes: ORR = (CR + PR)/Total; DCR = (CR + PR + SD)/Total; *Comparison of ORR between tHER2 positive and negative patients in the baseline sHER2
high level group. ®Comparison of DCR between tHER2 positive and negative patients in the baseline SHER2 high level group. “Comparison of ORR
between tHER?2 positive and negative patients in the baseline sHER2 low level group. “Comparison of DCR between tHER2 positive and negative patients
in the baseline sHER2 low level group. “Comparison of ORR between baseline sHER2 high level and baseline sHER2 low level patients. fComparison of
DCR between baseline sHER2 high level and baseline sHER2 low level patients.

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progress disease; ORR, objective response rate; DCR, disease
control rate.

Of the 132 patients in the baseline sHER2 high level group, 78 were tHER2 positive, the ORR was 51.28%, and the
DCR was 93.59% (40 cases of CR/PR, 33 cases of SD, and 5 cases of PD). There were 54 patients who were tHER2
negative, of which the ORR was 25.93% and the DCR was 90.74% (14 cases of CR/PR, 35 cases of SD, and 5 cases of
PD). The ORR of tHER2 positive was higher than that of tHER2 negative patients in the baseline high level group
(51.28% vs 25.93%, p=0.004, Table 2). No significant correlation was observed in DCR between tHER2 positive and
tHER2 negative patients in the baseline sHER2 high level group.

Of the 68 patients in the baseline sHER?2 low level group, 24 cases were tHER?2 positive. No significant difference in ORR
and DCR was found between tHER?2 positive and tHER?2 negative patients in the baseline low level group (Table 2).

Of the 102 patients with tHER2 positive, 78 patients were in the baseline sHER2 high level group and 24 patients
were in the baseline sHER2 low level group. Of the 98 patients with tHER2 negative, 54 patients were in the baseline
sHER?2 high level group and 44 patients in the baseline low level group (Table 2).

The TTP of Patients with Baseline sHER2 Low Level is Longer Than the Patients with

Baseline sHER2 High Level

The median TTP in the low level group was longer than that in the high level group (17 m vs 12 m) (p=0.048, Figure 1).
The median TTP of the tHER2 positive patients and the tHER2 negative patients in the SHER2 high level group was
13 m and 9 m, respectively, and there was no significant difference in TTP between the two groups (p=0.142). In tHER2
positive patients, the baseline SHER2 high level group had a longer TTP than the baseline sHER2 low level group
(p=0.024, Figure 1).
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Figure | Correlation of baseline sHER2 levels and prognosis (time to progression, TTP) in patients with advanced breast cancer. (A) Comparison of TTP between baseline
sHER?2 high level group and sHER2 low level group (p=0.048). Comparison of TTP between tHER2 positive patients and tHER2 negative patients in sHER2 high level group
(B, p=0.142), and sHER2 low level group (C, p=0.059). Comparison of TTP between the sHER2 high level group and the sHER2 low level group in tHER2 positive patients
(D, p=0.024) and negative patients (E, p=0.251).
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The Decrease in sHER2 After Two Cycles of Treatment Indicates Higher ORR, DCR,

and an Extension of TTP in Patients with Baseline sHER2 High Level
There were 70 patients in the significant decrease group, with an ORR of 58.57% and DCR of 97.14%. Among the 101
patients in the no significant change group, ORR was 23.76% and DCR was 90.10%. Among the 29 patients in the

significant increase group, ORR was 20.69% and DCR was 89.66%. The ORR of the significant decrease group was
higher than the no significant change group and significant increase group (p<0.001, Table 3). There were no statistically
significant differences in DCR between the three groups (p=0.187, Table 3).

In the baseline sHER2 high level group (132 cases), there were 64 patients in the significant decrease group, and the
cases of ORR and DCR were 60.94% and 98.44%, respectively. There were 58 patients in the no significant change
group, ORR was 22.41%, and DCR was 86.21%. There were 10 patients in the significant increase group, with an ORR
0f 20.00% and DCR of 90.00%. The ORR and DCR of the significant decrease group were higher than the no significant
change group and significant increase group (p<0.001, p=0.037, Table 3).

Among 102 tHER2-positive patients, 54 patients were in the significant decrease group, ORR was 61.11% and DCR
was 98.15%; 37 patients were in the no significant change group, ORR was 35.14%, DCR was 89.19%; and 11 patients
were in the significant increase group, ORR was 27.27%, DCR was 100%. The ORR of the significant decrease group

Table 3 Correlation Between the Change of sHER2 Level and Therapeutic Efficacy in Baseline sHER2 High Level and Low Level
Group After Two Treatment Cycles

Therapeutic Significant Decrease (70) No Significant Change (101) Significant Increase (29) P e
Efficacy
Baseline Baseline Baseli Baseli Baseline Baseline
sHER2 High sHER2 Low sHER2 High sHER2 low sHER2 High sHER2 Low
Level (64) Level (6) Level (58) level (43) Level (10) Level (19)
tHER2 CR 0 0 0 0 0 0
negative (98)
PR 7 | 6 5 | 2
sD 5 2 27 20 3 9
PD 0 | 4 2 | 2
ORR 8 (50.00%) 11 (17.19%) 3 (16.67%) 0.015 8.339
DCR 15 (93.75%) 58 (90.63%) 15 (83.33%) 0.565 1141
Total 16 64 18
tHER?2 positive CR 0 0 0 | 0 0
(102)
PR 32 | 7 5 | 2
SD 19 | 10 10 4 4
PD | 0 4 0 0 0
ORR 39 (60.94%) 13 (22.41%) 2 (20.00%) <0.001 | 20.636
DCR 63 (98.44%) 50 (86.21%) 9 (90.00%) 0.037 6.591
ORR 33 (61.11%) 13 (35.14%) 3 (27.27%) 0.018 8.605
DCR 53 (98.15%) 33 (89.19%) 33 (100%) 0.110 4416
Total 54 37 1
Total ORR 41 (58.57%) 24 (23.76%) 6 (20.69%) <0.001 | 25.128
DCR 68 (97.14%) 91 (90.10%) 26 (89.66%) 0.187 3.353

Notes: ORR = (CR + PR)/Total; DCR = (CR + PR + SD)/Total.

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progress disease; ORR, objective response rate; DCR, disease control rate.
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was significantly higher than that of the no significant change group and the significant increase group (p=0.018,
Table 3), and there was no statistically significant in DCR between the three groups (p=0.110, Table 3).

Among the 98 tHER2-negative patients, 16 patients were in the significant decrease group, ORR was 50% and DCR
was 93.75%; 64 patients were in the no significant change group, ORR was 17.19%, DCR was 90.63%; and 18 patients
were in the significant increase group, ORR was 16.67%, DCR was 83.33%. The ORR of the significant decrease group
was higher than that of the no significant change group and the significant increase group (p=0.015, Table 3), and there
was no significant difference in DCR between the three groups (p=0.565, Table 3).

In the baseline sHER?2 high level group, there were 64 patients in the significantly decrease group, with a median TTP
of 13 months. There were 58 patients in the no significant change group, with a median TTP of 7 months. There were 10
patients in the significant increase group, and the median TTP was 12 months. There was no statistically significant
difference in TTP between the three groups (p>0.05, Figure 2). After pairwise comparison, TTP of the significant
decrease group was longer than in the no significant changed group (13 m vs 7 m, p=0.003).

The DCR and ORR of sHER2 Decrease to the Negative Group Was Higher Than
That of the Continuous Positive Group After Multi Cycles of Treatment in Patients
with Baseline sHER2 High Level

Among the 132 patients with baseline sHER2 high level, there was a sHER2 decrease to negative in 43 patients after
treatment. The ORR and DCR in the decrease to negative group were 60.47% and 100%. The level of sHER2 failed to fall
into a negative range and continued as positive for at least two cycles in 89 patients. In the continuous positive group, the
ORR was 31.46% and the DCR was 88.76%. The ORR and DCR in the sHER2 decreased to negative group were higher than
those in the continuous positive group (60.47% vs 31.46%, p=0.001 and 100% vs 88.76%, p=0.022) (Table 4).

Among 68 patients with baseline SHER2 low level, 31 patients remained negative after treatment. The ORR of the
continuous negative group was 35.48% and the DCR was 96.77%. In 37 patients, the level of SHER2 increased from
negative to positive, ORR was 16.22% and DCR was 97.06%. There was no significant difference in ORR and DCR
between the two groups.

In the 68 patients with baseline sHER2 low level, 44 were tHER2 negative and 24 were tHER2 positive. Among the
44 tHER2 negative patients, the ORR of the sHER2 continuous negative group was better than that of the sHER2
increase to positive group (35.00% vs 4.17%, p=0.008, Table 4), and there was no significant difference in DCR between
the two groups.

The TTP in the Decrease to Negative Group Was Better Than That in the

Continuous Positive Group After Multi Cycles of Treatment

The median TTP of 132 patients with baseline sHER2 high level was 13 months. There were 89 patients in the
continuous positive group, of which 57 progressed during the follow-up period. The median TTP was 12 months. The
TTP in the decrease to negative group was better than that in the continuous positive group (13 m vs 12 m, p=0.01,
Figure 3A). There were 78 cases of tHER2 positive patients. The TTP of the sHER2 decreased to negative group was
longer than that of the sHER2 continuous positive group after treatment in patients with baseline SHER2 high level and
tHER2 positive (p=0.006, Figure 3B). There is no difference in patients with baseline sHER2 high level and tHER2
negative group (p=0.684, Figure 3C). The patients TTP in the continuous negative group was better than that in the
increased to positive group in the baseline sSHER2 low level patients (35 m vs 11 m, p=0.03, Figure 3D).

Patients with Rapid Decline Type of the sHER2 Dynamic Change Curve Group Had
Higher ORR and Prolonged TTP

According to the characteristics of the dynamic change curve of sHER2 level during the treatment, 200 patients were
divided into six types (Figure 4): 1) rapid decline type: decreased >50%; 2) stable type: exceeds >20% less than twice; 3)
fluctuating type: near the baseline value of sHER2, but exceeds >20% more than twice; 4) slow ascending type: sHER2
level increased slowly; 5) flow descending type: the level of sHER2 decreased slowly; and 6) spoon type: the level of
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Figure 2 Correlation between the change of sHER2 level and prognosis (TTP) after two cycles of treatment. (A) Comparison of TTP between the significant decrease
group, no significant change group, and significant increase group after two cycles of treatment. The comparison of TTP of three groups in the sHER2 high level group (B)
and sHER2 low level group (C), respectively. The comparison of TTP of three groups in the tHER2 positive group (D) and tHER2 negative group (E), respectively.
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Table 4 Correlation Between the Change of sHER2 Level and Therapeutic Efficacy in Baseline sHER2 High Level and Low Level

Group After Multi Cycles of Treatment

Therapeutic Baseline sHER2 High Level (132) Baseline sHER2 Low Level (68) P o
Efficacy
Decreased Continuous Continuous Increased to
to Negative Positive Negative Positive
(43) Group (89) Group (31) Group (37)
tHER?2 negative CR 0 0 0 0
©8) PR 4 10 7 |
SD 4 31 12 19
PD 0 5 [ 4
ORR 4 (50.00%) 10 (21.74%) 7 (35.00%) © | (4.17%) © 0.008° | 6.972°
DCR 8 (100%) 41 (89.13%) 19 (97.73%) 20 (83.33%)
Total 8 46 20 24
tHER?2 positive CR 0 0 0 |
(102) PR 22 18 4 4
SD 13 20 7 8
PD 0 5 0 0
ORR 22 (62.86%) 18 (41.86%) 4 (36.36%) 5 (38.46%)
DCR 35 (100%) 38 (88.37%) 11 (100%) 13 (100%)
Total 35 43 I 13
ORR 26 (60.47%) * 28 (31.46%) * 11 (35.48%) 6 (16.22%) 0.001% | 10.0907
DCR 43 (100%) © 79 (88.76%) ° 30 (96.77%) 33 (89.19%) 0.022° | 5.227°
Total 43 89 31 37

Notes: ORR= (CR + PR)/Total; DCR = (CR + PR + SD)/Total. *Comparison of ORR between the sHER2 decreased to negative and the continuous positive group in
baseline SHER? high level patients. "Comparison of DCR between the sHER2 decreased to negative and the continuous positive group in baseline sSHER2 high level patients.
“Comparison of ORR between the sHER2 continuous negative and increase to positive group in baseline sHER2 low level and tHER2 negative patients.

Abbreviations: CR, complete response; PR, partial response; SD, stable disease; PD, progress disease; ORR, objective response rate; DCR, disease control rate.

sHER?2 decreased significantly and then increased significantly. Nineteen cases could not be classified into the above six
types.

The different types of sSHER2 dynamic change curves of patients were correlated with molecular subtype, surgical
approach, and liver metastasis (p<0.001, <0.001, 0.020, and 0.022, respectively) (Table 5).

ORR was 76.00% and DCR was 96% in the rapid decline type. ORR was 28.77% and DCR was 94.52% in the stable
type. ORR was 18.18% and DCR was 95.45% in the fluctuating type. ORR was 23.53% and DCR was 100% in the slow
ascending type. ORR was 46.88% and DCR was 93.75% in the slow descending type. ORR was 41.67% and DCR was
100% in the spoon type. ORR was 15.79% and DCR was 63.16% in the unable to classify group. The ORR of the rapid
decline type was higher than that of other groups (p<0.001, <0.001, 0.001, 0.026, 0.041, and <0.001, respectively). There
was no significant difference in DCR between any two groups (p>0.05).

The median TTP was 13 months in the rapid decline group, 17 months in the stable group, 13 months in the
fluctuating group, 13 months in the slow ascending type group, and 7 months in the spoon group. Pairwise comparison of
different curve types found that TTP of patients in the spoon group was shorter than that of the rapid decline type, stable
type, and slow descending type (p=0.028, 0.038, and 0.007, respectively). Analysis of all curve types showed that there
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Figure 3 Correlation between the change of sHER2 level and prognosis (TTP) after multiple cycles of treatment. Comparison of TTP between the decrease to negative
group and continuous positive group in patients with baseline sHER2 high level (A, p=0.01). Comparison of TTP between the decrease to negative group and continuous
positive group in tHER2 positive group (B, p=0.006) and in the tHER2 negative group (C, p=0.684). Comparison of TTP between the continuous negative group and increase
to positive group in patients with baseline sHER2 low level (D, p=0.03). Comparison of TTP between the continuous negative group and increase to positive group (E,
p=0.055) in the tHER2 positive group and tHER2 negative group (F, p=0.132).
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Figure 4 Typical examples of sHER2 dynamic change curve: (A) rapid decline type; (B) stable type; (C) fluctuating type; (D) slow ascending type; (E) slow descending type;
(F) spoon type. The ordinate is the value of sHER2 (ng/mL).
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Table 5 Clinicopathological Characteristics of Patients and Therapeutic Efficacy in Different Types of sHER2 Dynamic Change Curve

2

Clinicopathological Rapid Stable | Fluctuating Slow Slow Spoon p x

Characteristics Decline Ascending Descending

Total 25 73 22 17 32 12

Molecular subtype <0.001 | 65.954

Luminal A 0 4 2 0 0 0

Luminal B (tHER2 negative) 0 29 I 5 9 3

Luminal B (tHER2 positive) 10 13 | 3 I 2

tHER?2 positive 15 12 2 9 I 6

TNBC 0 15 6 0 | [

ER 0.195 7.360
Negative 16 28 9 8 Il 7
Positive 9 45 13 9 21 5

PR 0.545 | 4.032
Negative 15 32 I I 14 6
Positive 10 41 I 6 18 6

tHER2 <0.001 | 53.856
Negative 0 48 19 5 10 4
Positive 25 25 3 12 22 8

sHER2
Low level 0 41 7 10 2 0 <0.001 | 51.294
High level 25 12 15 7 30 12

Operation approach 0.020 | 21.163
Radical operation 14 52 17 I 18 6
Non-radical operation | 9 | | | 4
No operation 10 12 4 5 13 2

Liver metastasis 0.022 | 13.158
Yes 13 12 7 5 13 5
No 12 60 15 12 19 7

Brain metastasis 0.074 | 10.034
Yes 3 5 6 2 | [
No 22 68 16 15 31 I

was no significant difference in patients TTP (Figure 5). The OS was 12 months to 307 months and OS after metastasis

was 4 months to 149 months. There was no significant difference in OS and OS after metastasis between the sHER2 low

level group and sHER2 high level group in this study.
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Figure 5 Comparison of prognosis (time to progression, TTP) between different sHER2 dynamic change curves. Pairwise comparison of different curve types found that the
TTP of patients in the spoon group was shorter than that of the rapid decline type, stable type, and slow descending type (p=0.028, 0.038, and 0.007, respectively).

Discussion
HER?2 is a member of the human epidermal growth factor receptor (EGFR) family, and its overexpression is a poor
prognostic factor for breast cancer. The predictive and prognostic value of serum HER2 (sHER2) levels in advanced
breast cancer remains controversial. Previous studies on sHER2 level in breast cancer patients were mostly concentrated
on tHER2 positive breast cancer patients. However, tHER2 negative breast cancer patients were rarely analyzed. The
clinical utility and efficacy of sHER?2 in the therapeutic efficacy and prognosis in patients with advanced breast cancer is
yet unclear. Retrospective studies showed that the low expression of HER2 is highly unstable in the process of breast
cancer development.'® As a tumor marker for dynamic detection, SHER?2 is worthy of further exploration and discussion
regarding the predictive value of its therapeutic efficacy and prognosis in advanced breast cancer.

Our study showed that patients with advanced breast cancer had a high level of sHER2 at recurrence, regardless of
whether they were tHER2-positive or negative. Darlix et al also showed that 44 (33.6%) out of 131 tHER2 negative
patients had abnormal sHER2 expression.”* The expression of sSHER2 was correlated with tumor burden and breast

2425 which may be an explanation. Panis et al found that 16% of tHER2 negative tumors were

tumor heterogeneity,
positive for HER2 intracellular tyrosine kinase domain (ICD), and HER2 gene amplification was also found in some
tHER2 negative tumors.”> A recent report analyzed 2,310 patients from four clinical trials, indicating the clinicopatho-
logical characteristics and clinical results of breast cancer with HER2 low expression.”® And sHER2 may present positive
in HER2-low expression breast cancer which was included in tHER2 negative patients. In some patients, tHER2 status
may changes during tumor recurrence and metastasis,”’ and some studies consider that sHER2 can reflect the real-time
state of HER2 expression in patients.”®

Our study showed molecular subtype, visceral metastasis, and liver metastasis were correlated with baseline sSHER2
level after recurrence or metastasis in advanced breast cancer, which is consistent with previous studies.?’ Studies have
found that the high level of sHER2 is associated with liver metastasis.*>*' Previous studies have shown that some breast
cancer patients who were identified as tHER2 negative by IHC and/or FISH had therapeutic efficacy on anti-HER2
treatment.*” In patients with tHER2-low levels, the baseline sHER2 high level group had a higher proportion of brain
metastasis. This was probably because none of these patients had received trastuzumab or other anti-HER2 targeted
therapy. According to HER2 testing guidelines, these patients are currently considered to have HER2-negative breast
cancer, therefore HER2-targeted treatments are not recommended.'® So, detecting SHER2 in this population is even more
important. The Darlix et al study showed that, whether tHER2 is positive or not, the sHER2 level was significantly
correlated with brain metastases in patients with advanced breast cancer.>® SHER2 level in this study was not correlated
with the expression of ER and PR. Previous studies suggested that sHER?2 levels in advanced breast cancer patients were
negatively correlated with hormone receptor levels.>*>> In some early studies, sHER2 levels were measured in frozen
serum samples at any time after breast cancer metastasis. The baseline sSHER2 level in this study was mostly detected in
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patients with advanced breast cancer before receiving first- or second-line rescue therapy. This may be the reason for the
difference from previous studies.

According to the previous research,”* taking 15 ng/mL as the cut-off value, this study found that the ORR of patients
with baseline sHER2 high level was higher than that of patients with baseline SHER2 low level. However, analyzed in
tHER2 positive and tHER2 negative patients, respectively, there was no significant difference in ORR between the
baseline high level group and low level group. This may be because tHER2 positive patients all received anti-HER2
treatment effectively. The TTP of patients with baseline sHER2 low level was longer than those with baseline sHER2
high level. This advantage remained in tHER2 positive patients, but not in tHER2 negative patients. Lipton et al
concluded that baseline sHER2 was associated with ORR, but not related to PFS in 138 breast cancer patients treated
with lapatinib.*® It is reported that there is a significant difference in OS between the SHER2 low level group and the

sHER?2 high level group in advanced breast cancer patients,”’

regardless of the tHER2 status of the primary breast
tumor. sHER2 high level is an independent prognostic factor for advanced breast cancer.* There was no difference in OS
in this study. The inconsistency may be due to differences in the study population and follow-up time.

The ORR of the group with a sHER?2 significant decrease was better than those with a significant increase and no
significant change. In the baseline sHER2 high level, the ORR and DCR of the sHER?2 significant decrease group were
higher than the significant increase and no significant change groups. However, in the baseline sHER2 low level group,
the ORR of the sHER?2 significant decrease group was not statistically different from other groups. This may indicate that
patients with a SHER2 high level at baseline are more sensitive in reflecting their disease status and treatment response at
the time of recurrence/metastasis. Dynamic detection of sHER2 in patients with a sHER2 high level is more important.

In the patients with baseline sHER2 high level, the TTP of the sHER2 significant decrease group is longer than that of

the no significant change group after treatment. The result is also consistent with previous studies,*™>’

which suggested
that elevated sHER2 and a lack of decline after treatment is associated with poorer survival. And sHER2 may be a useful
surveillance biomarker to predict metastasis. In a study of 307 MBC patients treated with trastuzumab by Ali et al, the
ORR of patients with a decrease of >20% of sHER2 is 57%, while the patients with a decrease of less than 20% of
SHER?2 is 28%. And the patients with a decrease of >20% of sHER2 had longer TTP times.”* Lipton et al obtained
a similar conclusion in the study of 138 MBC patients treated with lapatinib.*® In patients with baseline sHER2 high level
at the time of recurrence or metastasis, a significant decrease of sHER2 after treatment was correlated with a higher ORR
and longer TTP.

It was found that, in baseline sHER2 high level groups, the ORR of patients with a decrease to negative and maintain
at least two cycles during the treatment was higher than those who failed to reduce to negative. For patients with baseline
sHER2 high level at the time of recurrence or metastasis, the SHER2 level decreased to the negative after treatment,
indicating that the current treatment has obvious therapeutic efficacy. For the tHER2 negative patients, the ORR of the
negative group was better than that of the positive group. And sHER?2 rises from negative to positive in tHER2 negative
patients during treatment, which may indicate tumor load increase or tHER2 status change. For this part of patients,
pathological examination of metastasis site should be carried out to identify tHER?2 status, and anti-HER2 therapy should
be taken if necessary.

In patients with tHER2 positive and baseline SHER2 high level, the TTP of sHER2 level decrease to negative during the
treatment was longer than those with a sHER2 high after treatment. This study found that, for patients with tHER2 negative
and baseline sSHER2 low level, the continuous sHER2 low level during treatment indicated that patients can obtain a longer
remission period. If patients with tHER2 negative and baseline SsHER2 high have increased to the positive range during
treatment, it indicates a shorter TTP and lower ORR in this study. Clinically, dynamic monitoring of sHER2 level can be used
to monitor whether such patients have disease progression. Some previous studies have also obtained similar results.*® The
median PFS of patients with low level of sHER2 is significantly longer. The PFS of patients with low level of sSHER2 is
significantly longer than those with SHER2 high level or with an elevated level of SHER2 after treatment.*°

It was found that the ORR of patients with rapid decline curve type is significantly better than that of other curve
types. Fornier et al also found that patients whose sHER2 level decreased by 55% or more during treatment had a better
therapeutic effect.*' It is worth paying attention to the spoon curve type, which is a kind of curve type where the level of
sHER?2 decreased rapidly and then increased rapidly at a certain point. The TTP of the spoon curve type is short, and the
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disease progression mostly occurred near the rapidly rising point. The results of patients with rapid decline and spoon
curve type of SHER2 dynamic change suggest that the short-term sharp decline of sHER2 level suggests that patients
have a obvious therapeutic effect, but whether they can benefit from survival still needs to be consider whether they can
maintain a low level after the decline of sHER2 level. Ali has also found a similar result,”® suggesting that there is
a correlation between the change of SHER2 level and the disease progression in patients with advanced breast cancer.

Conclusion

In conclusion, our results showed the predictive value of SHER2 in the treatment of advanced breast cancer patients
undergoing first or second line treatment. Dynamic detection of sHER2 can help predict the therapeutic efficacy and
prognosis, whether tHER-2 is positive or negative. ORR and TTP in patients of tHER-2 positive and negative all have
significant differences in different types of sHER2 dynamic change curve groups. Therefore, in addition to the baseline,
we recommend to measure SHER2 level every two treatment cycles. As advanced breast cancer is an incurable disease
and a high sHER?2 level is associated with a worse prognosis, sHER2 can be used as an important indicator to evaluate
the therapeutic efficacy and progression of advanced breast cancer.
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