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/ABSTRACT

Background. Trastuzumab is a key component of therapy for
human epidermal growth receptor 2 (HER2) positive breast
cancer. Because real-world data are lacking, the present research
was conducted to evaluate the actual use of and the effective-
ness of trastuzumab in the real world in China.

Methods. Inpatients with HER2 positive invasive breast cancer
from 13 hospitals in Eastern China (2010-2015, n=1,139)
were included in this study. We aimed to assess the actual use
of trastuzumab and to evaluate potential efficacy from trastuzu-
mab in real-world research.

Results. Of 1,017 patients with early stage breast cancer (EBC),
40.5% (412/1,017) received trastuzumab therapy. Patients with
EBC in resource-abundant regions (gross domestic product per
capita >$15,000 and trastuzumab included in Medicare) are
more likely to receive trastuzumab than those in resource-limited
regions (37.3% vs. 13.0%, p < .05). After metastasis, 50.8% (366/
720) patients received trastuzumab as their first-line therapy.
More than 10% of patients with metastatic breast cancer (MBC)
continued trastuzumab therapy after twice progression in

resource-abundant regions, whereas more than 40% of patients
never received any trastuzumab therapy during the whole course
of therapy in resource-limited regions. Overall, the improvement
in survival for trastuzumab versus non-trastuzumab was substan-
tial in EBC (hazard ratio [HR] = 0.609, 95% confidence interval
[CI]: 0.505-0.744) and in MBC (HR=0.541, 95% Cl: 0.418-
0.606). This association was greater for patients with MBC who
had never received trastuzumab (HR = 0.493, 95% Cl: 0.372—
0.576) than for those who had received adequate trastuzumab
therapy in EBC stage (HR = 0.878, 95% Cl: 0.506—1.431).
Conclusion. This study showed great disparities in trastuzumab
use in different regions and different treatment stages. Both
EBC and MBC patients can benefit from trastuzumab, as the
survival data show; however, when trastuzumab is adequate in
the early stage, a further trastuzumab-based therapy in first-
line treatment of MBC will be ineffective, especially for those
with short disease-free survival, and a second line of anti-HER2
therapy will be recommended. (Research number: CSCO-BC
RWS 15001). The Oncologist 2017;22:1333-1338

Implications for Practice: This article explores the disparities in the rates of trastuzumab use due to the inequitable allocation of
medical resources in China. The irrational use can be found both in resource-abundant regions and in resource-limited regions.
Although trastuzumab-based therapy improved survival, the actual use of trastuzumab in the early stage of breast cancer may
influence the subsequent therapeutic effect after metastasis. These findings from real-world research could help to optimize HER2
therapy after metastasis, especially in regions with limited access to these expensive targeted drugs.
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INTRODUCTION

Breast cancer was the most frequently diagnosed cancer in
women in the past 5 years [1]. Approximately 15%—20% of
breast cancers overexpress human epidermal growth recep-
tor 2 (HER2), and overexpression of HER2 is associated with
high recurrence rates and poor outcomes [2]. To date, sev-
eral randomized controlled trials have shown that
trastuzumab-based systemic therapy is effective in prolong-
ing disease-free survival (DFS) [3-5] and progression-free
survival (PFS) [6, 7] and were the basis for international
treatment guidelines [8, 9].

Since its approval for breast cancer in China, trastuzumab
has been rapidly adopted as a standard therapy [10]. Given the
contradiction between the high price of anti-HER2 drugs and
the low disposable income per capita in China, until 2015, 10
provinces offered Medicaid coverage for trastuzumab to lighten
the financial burden of patients [11]. The patient assistance
program (PAP) founded by the Cancer Foundation of China [12]
also provides support for patients who cannot afford the high
price of targeted therapy. However, breast cancer health dispar-
ities exist worldwide, and the association between breast
cancer and socioeconomic status has been well established [13,
14]. The actual use of trastuzumab in community settings
and the extent to which trastuzumab is used or underused
in Chinese populations, particularly among resource-limited
regions, are unknown [15].

The study of disparities in trastuzumab use has been compli-
cated by the lack of population-based cohorts. There is still a lack
of real-world research (RWR) to provide decision makers with a
useful basis to confirm whether the outcomes of randomized
controlled trials (RCTs) are applicable to real-world clinical prac-
tice, or to understand how and why they differ [16, 17].

Hence, using real-world data from a multicenter study in
China, we aimed to explore the disparities of trastuzumab use
in different regions and periods and to evaluate the irrational
use of trastuzumab. We also investigated the survival effects of
trastuzumab on early stage breast cancer (EBC) and metastatic
breast cancer (MBC) in RWR.

METHODS

Study Population and Data Collection

We used data from 13 hospitals in 11 cities for the period from
2010 to 2015. These 11 cities are all located in Eastern China.
Data elements included demographic characteristics, timing
and type of cancer diagnosis, and treatment course. Our pre-
liminary samples included HER2 positive invasive breast cancer
patients who received hospitalized therapy between January 1,
2010, and October 30, 2015, whatever their diagnosis time.
Human epidermal growth receptor 2 status can be assigned by
combined available results from immunohistochemistry and
fluorescence in situ hybridization tests [18].

Patients were required to receive at least four cycles of sys-
temic therapy after diagnosis. Patients enrolled in the EBC
group were required to receive a primary breast cancer surgery
(either breast-conserving surgery or mastectomy). Patients
with borderline, unknown, or missing information for treat-
ment were excluded.
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Table 1. Demographic characteristics of 1,139 patients

Characteristic n (%)
Age
<45 years 477 (41.9)
>45 years 663 (58.1)
Tumor size
T1-2 822 (72.2)
T3-4 202 (17.7)
Unknown 115 (10.1)
Lymph node
Negative 397 (34.9)
Positive 698 (61.3)
Unknown 44 (3.8)
M
MO 1,017 (89.3)
M1 122 (10.7)
HR
Negative 529 (46.4)
Positive 589 (51.7)
Unknown 21 (1.9)
Initial treatment
Chemotherapy 481 (42.2)
Surgery 658 (57.8)
Metastasis®
Yes 732 (64.3)
No 407 (35.7)
Overall 1,139 (100)

“By the end of the last hospitalization.
Abbreviations: HR, hazard ratio; T,N,M: Clinical stage of TNM of
breast cancer.

Outcome Assessment

The primary outcome was receipt of trastuzumab, defined as at
least two cycles for trastuzumab in EBC or in MBC after diagno-
sis. Trastuzumab exposure could occur at any time after diagno-
sis. Only one cycle of trastuzumab was defined as no receipt of
targeted therapy due to the ineffectiveness of anti-HER2 ther-
apy. One cycle of trastuzumab therapy was defined as 6 mg/kg
every 3 weeks.

The secondary outcomes were DFS and PFS of first-line
therapy. We calculated DFS as the interval from surgery to the
earliest occurrence of disease progression resulting in inoper-
ability, locoregional recurrence (after neoadjuvant therapy), dis-
tant metastases, or death from any cause [19]. Progression-free
survival of first line after metastasis was calculated from date of
salvage therapy to progression. Patients who were alive with-
out an event as of the analysis cutoff date were censored at the
last study follow-up date. Date of trastuzumab use was calcu-
lated as the interval from the first time used to the last time
used, in EBC or MBC, respectively.

Statistical Analysis

We compared trastuzumab use with different periods and
regions using Pearson’s test. We also used Kaplan-Meier and
Cox proportional hazards regression to estimate hazard ratio
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Table 2. Proportions for trastuzumab use in EBC and MBC
EBC MBC

Medicare of overall First line Overall

trastuzumab Economic level Region n (%) n (%) n (%)

Yes A NJ 88 (52.3) 44 (72.7) 44 (88.6)
Qb 53 (66.0) 6 (33.3) 6 (33.3)
HZ 51 (13.7) 148 (66.2) 148 (92.6)
GZ 111 (22.5) 58 (67.2) 58 (79.3)
Overall 303 (37.3) 256 (66.8) 256 (87.5)

B HE 57 (54.4) 32 (56.3) 32 (59.4)

No A BJ 403 (58.8) 196 (54.6) 196 (87.2)
cs 70 (10.0) 80 (36.3) 80 (52.5)
Overall 473 (51.6) 276 (49.2) 276 (77.2)

B IN 87 (18.4) 38 (15.8) 38 (50.0)

sy 38 (10.5) 42 (23.8) 42 (33.3)
S 24 (8.3) 36 (25.0) 36 (33.3)
2z 35 (5.7) 40 (40.0) 40 (52.5)
Overall 184 (13.0) 156 (26.3) 156 (42.3)

Overall 1,017 (40.5) 720 (50.8) 720 (72.9)

Abbreviations: Economic level, Level A, per capita GDP>$15,000; Level B, per capita GDP<$15,000; EBC, early breast cancer; MBC, metastatic
breast cancer; NJ, Nanjing; QD, Qingdao; HZ, Hangzhou; GZ, Guangzhou; HE, Herbin; BJ, Beijing; CS, Changsha; JN, Jinan; SY, Shenyang; SJ, Shijiaz-

huang; ZZ, Zhengzhou.
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Figure 1. Continuous use of trastuzumab after twice progression
in metastatic breast cancer.

Abbreviations: BJ, Beijing; CS, Changsha; GZ, Guangzhou; NJ,
Nanjing; SY, Shenyang; SJ, Shijiazhuang; ZZ, Zhengzhou.

(HR) and 95% confidence interval (Cl) for the relationship
between trastuzumab and DFS or PFS in first line. Results were
considered significant at p < .05. Statistical analyses were per-
formed using version 9.4 of the SAS System for Windows (SAS
Institute, Cary, NC, https://www.sas.com/en_us/home.html).

RESULTS

Demographic Characteristics

A total of 1,139 patients who were diagnosed with HER2 posi-
tive breast cancer between 1996 and 2015 were included in
the analysis. Table 1 shows clinical and demographic character-
istics of patients. Less than half of patients (41.9%) were
younger than 45 years; 72.2% of patients had tumors <5 cm,
and 34.9% had node-negative disease, which reflected a rela-
tively mild biology of HER2 positive cancer in China. Mean-
while, 42.2% of patients received chemotherapy, and 57.8% of
patients received surgery after initial diagnosis. All EBC patients

www.TheOncologist.com
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Figure 2. Proportions of metastatic breast cancer patients who
never used trastuzumab during their whole therapeutic courses.
The whole therapeutic courses include their early stage and meta-
static stage.

Abbreviations: BJ, Beijing; CS, Changsha; GZ, Guangzhou; HE,
Herbin; HZ, Hangzhou; N, Jinan; NJ, Nanjing; QD, Qingdao; SJ,
Shijiazhuang; SY, Shenyang; ZZ, Zhengzhou.

would receive both surgery and adjuvant therapy, if necessary.
Approximately 732 patients underwent metastasis, including
the 122 patients who were initially diagnosed as stage IV meta-
static breast cancer (M1); however, only 720 patients received
salvage therapies, among whom 598 patients underwent
metastasis sometime after their early stage therapies (M0), and
the remaining 122 were M1 patients.

Proportion of Trastuzumab Use

In the EBC group, trastuzumab was indicated in 412 patients
(40.5%; Table 2); 54.9% (226/412) of patients had stopped tras-
tuzumab, and the median time of target-drug use was 12
months (supplemental online Table 1). In the MBC group, the
overall rate of trastuzumab use was 72.9%. The median time to
trastuzumab use for these patients was 10 months.

© AlphaMed Press 2017
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Figure 3. Survival for human epidermal growth receptor 2 positive patients in real world. (A): DFS in early stage breast cancer. (B): PFS of
first line in metastatic breast cancer. (C): PFS of patients who never received trastuzumab in early stage. (D): PFS of patients who had

received trastuzumab in early stage.

Abbreviations: Cl, confidence interval; DFS, disease-free survival; HR, hazard ratio; m, months; N, no; PFS, progression-free survival; T,

trastuzumab; Y, yes.

To address the concern that Medicare eligibility and eco-
nomic status may exert a stronger effect on the likelihood of
trastuzumab receipt, we classified these regions of research
into four levels. Patients in resource-abundant regions (gross
domestic product per capita >$15,000 or trastuzumab
included in Medicare) were more likely to receive trastuzumab
than those in resource-limited regions during their early stage
(37.3% vs. 13.0%) and metastatic stage (87.5% vs. 42.3%).
There were still huge disparities even in the resource-abundant
regions. In the EBC group, the highest rate for trastuzumab use
in the resource-abundant region was 66.0% (35/53), which was
about 4.8 times higher than the lowest rate (13.7%, 7/51).

Irrational Trastuzumab Use in MBC

We performed descriptive analyses to find the irrational use
after metastasis for patients who received trastuzumab. Irra-
tional trastuzumab use was defined as no trastuzumab use dur-
ing all therapeutic courses or a continuous use of trastuzumab
after twice progression.

Patients in resource-abundant regions (Guangzhou, Nanj-
ing, Beijing) were more likely to use trastuzumab even after
twice progression, and the highest proportion was 17.9% (7/
39; Fig. 1). In these regions, less than 10% of patients never
received any trastuzumab therapy during their whole course of
therapy (Fig. 2). On the contrary, the proportion rose to more
than 40% in resource-limited regions (Changsha, Zhengzhou,
Shenyang), and less than 10% of patients used trastuzumab at
the same time. In the region of Hangzhou due to the short
time that trastuzumab was accepted in Medicare, 13.8% (8/58)
of patients never used trastuzumab, and only 2.2% (1/46) of
patients continued trastuzumab after twice progression.

© AlphaMed Press 2017

DFS and PFS for HER2 Positive Patients

We analyzed the association between the effect of trastuzumab
and long-term outcomes in EBC and in first-line salvage therapy
from 2008 to 2015, among those for whom trastuzumab was
available. In EBC, we recorded 505 progressions in 883 patients.
Treatment with trastuzumab contributed to a significant
improvement in disease-free progression compared with no
targeted therapy (median survival 30 months vs. 21 months,
HR = 0.609, 95% Cl: 0.505-0.744; Fig. 3A). After metastasis, a
comparison of PFS in first-line salvage therapy also showed sig-
nificant association between therapeutic regimens (13 months
vs. 7 months, HR = 0.541, 95% Cl: 0.418-0.606; Fig. 3B).

We also analyzed the 598 MO patients who were initially
diagnosed as EBC but then eventually developed into MBC. For
patients who received no trastuzumab therapy in the early
stage (n = 496), median time for DFS was 24 months. The initial
use of trastuzumab after metastasis was highly associated with
the improvement of PFS in the first-line (14 months vs. 8
months, HR = 0.493, 95% Cl: 0.372-0.576; Fig. 3C). For patients
who had received trastuzumab-based therapy in the EBC stage
(n=122), median time for trastuzumab use was 12 months,
and median DFS was 17 months. After metastasis, the reuse of
trastuzumab was unable to improve PFS in first-line therapy
(HR = 0.878, 95% Cl: 0.506—1.431; Fig. 3D).

DISCUSSION

Randomized controlled trials are the cornerstone of evidence
development in oncology; however, the applicability of the evi-
dence generated from RCTs to real-life populations will depend
on the degree of alignment between the research and target
population in terms of clinical and molecular characteristics
[20]. Although not a substitute for RCTs, RWR does offer the
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potential to supplement knowledge gaps and address ques-
tions that cannot be solved by clinical trials [21]. Thus, our
results provide important information to facilitate treatment
decisions [22].

To our knowledge, this is the first RWR to systematically
analyze the reality of treatment conditions of HER2 positive
breast cancer in China. Our results have several troubling impli-
cations. First, although patients in resource-abundant regions
had a higher proportion of targeted therapy than those in
resource-limited regions, it does not mitigate the overall pat-
tern of treatment disparity observed among different regions.
There are still huge disparities even in the same level of region.
The low overall rates of use raise concerns for widespread
underuse of trastuzumab in China or some other similar coun-
tries. Second, the irrational use of trastuzumab suggests that
huge disparities exist in different regions; targeted therapy is
more likely to be overused in resource-abundant regions and
more likely to be underused in resource-limited regions. Finally,
patients with HER2 positive breast cancer who were given tras-
tuzumab showed substantial improvements in DFS and PFS
outcomes compared with those who were given no trastuzu-
mab. Meanwhile, the use of trastuzumab in the early stage is a
key factor affecting the subsequent treatment options. Patients
who had received adequate trastuzumab-based therapy in EBC
did not benefit from trastuzumab again in their first-line ther-
apy; a switch to anti-HER2 therapy after trastuzumab is strongly
recommended.

Although the health expenditure per person in China
increased from $54 to $420 between 2002 and 2014 [23], out-
of-pocket expenditure as a percentage of private health
expenditure (78.8%) remains higher than that of high-income
countries such as the U.S. (20.9%) and the U.K. (53.1%) [24].
Hence, drug reimbursement policies and disposable income of
residents in China strongly affect the availability of optimum
systemic therapies [25, 26]. We found that patients in resource-
limited regions were less likely to receive trastuzumab-based
therapy. In some cases, such variation may be appropriate,
because patients with poor financial status must save precious
resources to continue their costly and lasting therapies [27].
However, given the benefit of trastuzumab use and the aggres-
sive biology of this subtype, the hypothesis that economic sta-
tus is used as an index to withhold trastuzumab-based therapy
deserves further discussion.

Several aspects may contribute to the underuse of trastuzu-
mab in resource-limited regions and, sometimes, in the
resource-abundant regions. First, the small gains in DFS or PFS
from trastuzumab-based therapy may be attenuated or lost
due to the low correlation between the actual efficacy of a new
drug and its price [28]. Second, trastuzumab is a costly and
long-term therapy. A lack of well-established follow-up will con-
tribute to the reduction of trastuzumab use. Third, despite the
guarantee of payment from Medicare, varying benefits and
coverage of medical insurance policies still greatly influence
trastuzumab use [29], which contributes to the disparities of
trastuzumab use for patients treated in the same city but at a
different therapeutic stage.

Because of the development of PAP, the implementation of
health insurance policy, and the promotion of anti-HER2 ther-
apy, a rapid growth in trastuzumab use has been witnessed in
both the EBC and the MBC groups. Yet, even for insured
patients, infused therapy of trastuzumab in MBC is costly, and

www.TheOncologist.com

there is less of a probability that MBC patients can tolerate this
intensive and lengthy course of treatment. This protracted
treatment course may be a disincentive for patients with lim-
ited resources, which explains why patients in nonreimburse-
ment regions are more likely to underuse trastuzumab. In
contrast, in resource-abundant regions, over 80% of patients
received trastuzumab-based therapy. Additionally, over 10% of
patients who received trastuzumab therapy did not withhold
or switch to another anti-HER2 therapy even if they had twice
experienced disease progression. The aim of the PAP, or of med-
ical insurance, is to guarantee the regular access to trastuzu-
mab, not to advocate a waste of medical resources. A new
resource allocation model in China will be the key to solving
such variation. Our cohort offers insight into the opportunity of
drug use or withdrawal and offers useful strategies for future
medical insurance policymaking or randomized controlled trial
designing.

Although there was a huge disparity of trastuzumab use in
different regions and a wide difference in the treatment course
between the real world and the standard recommended guide-
lines [30], we still found that DFS or PFS results for patients
treated with trastuzumab in the real world are comparable to
those in the pivotal randomized controlled trials. And the HR in
the EBC group was similar to that in clinical trial [31]. These
results bring reassurance that eligibility and treatment results
of clinical trials can be translated to the real-world setting, and
the results confirm that implementation in the real world has
been successful. Additional information in first-line salvage
therapy also indicated that trastuzumab in the early stage
would influence the curative effect after metastasis. Only
patients who received no trastuzumab in the EBC setting would
benefit from targeted therapy in their first-line salvage therapy.
For patients who had used adequate trastuzumab in the early
stage, a reuse of trastuzumab after metastasis would have no
effect, ascribed to the poor response (short time of DFS) to
trastuzumab. Because of the difficulty in designing such
randomized clinical trials, there is no evidence or consensus to
guide us to choose an appropriate anti-HER2 therapy in first-
line salvage therapy after an adequate trastuzumab-based ther-
apy in the early stage; hence, for patients with HER2 positive
breast cancer, we recommend using trastuzumab as early as
possible. If it has been used in the early stage, especially for
patients with short DFS, a second line of anti-HER2 therapy is
recommended after metastasis.

There were several important limitations of our study. First,
with an observational design, it was inevitable that some miss-
ing data could not be retrieved. Second, we cannot ignore the
selection bias; only 11 hospitals, representing the top level of
provinces, were identified, and so the results may not reflect
the whole situation of targeted therapy in China. Meanwhile,
as only inpatients were included, there were reductions of DFS
and PFS compared with those of patients in RCTs. Finally, the
number of patients in some subgroups became too small to
draw firm conclusions.

CONCLUSION

The importance of real-world research should not be over-
looked. In future studies, we will expand the sample size and
cooperate with more hospitals to have a better understanding
of anti-HER2 therapy in China. Meanwhile, we are going to
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optimize the scheme of anti-HER2 therapy after trastuzumab
and explore when to refer to other HER2-directed therapies.
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