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Abstract

Objective: Several  studies  have  demonstrated  different  benefits  for  patients  whose  disease  progressed  despite

previous  trastuzumab  treatment.  Due  to  limited  real-world  data,  we  evaluate  the  effectiveness  of  anti-human

epidermal growth factor receptor 2 (HER2) therapy (lapatinib or trastuzumab) plus chemotherapy or chemotherapy

alone  in  patients  who  were  previously  treated  with  trastuzumab-containing  regimens  and  investigate  factors

associated with effectiveness. And we further show the effectiveness of the two anti-HER2 therapy groups.

Methods: A total of 342 HER2-positive metastatic breast cancer (MBC) patients whose disease progressed during

prior  anti-HER2  (trastuzumab)  and  standard  chemotherapy  therapy  from  Department  of  Breast  Oncology,  the

Fifth  Medical  Center  of  Chinese  PLA  General  Hospital,  from  August  2010  to  December  2016  were  included.

Seventy-eight  patients  received  standard  chemotherapy  only,  148  patients  continued  to  receive  trastuzumab  and

switched to other chemotherapy drugs,  and 116 patients  received tyrosine-kinase inhibitors  (TKIs;  lapatinib)  and

chemotherapy. The main outcome measures were progression-free survival (PFS), overall response rate (ORR), and

clinical benefit rate (CBR). Subgroup analyses were conducted to identify patient characteristics associated with the

greatest clinical benefit.

Results: After a median follow-up of 26.2 (range, 2.0−56.0) months, PFS significantly improved with anti-HER2

therapy compared with chemotherapy alone: median 6.0 months with lapatinib [95% confidence interval (95% CI),

4.53−7.47], 4.5 months with trastuzumab (95% CI, 3.99−5.01) vs. 3.0 months with chemotherapy alone (95% CI,

2.42−3.58); stratified hazard ratio (HR)=0.70, 95% CI, 0.60−0.81; P<0.0001. The ORR values were 33.6%, 25.0%

and  12.8  %,  respectively,  the  CBR  values  were  60.3%,  48.6%  and  26.9%,  respectively.  The  effectiveness  of

lapatinib  group  and  trastuzumab  group  were  further  analyzed.  In  multivariate  analysis,  lapatinib  group  was

associated  with  a  longer  PFS,  after  controlling  other  potential  confounders  (HR=0.68,  95%  CI,  0.52−0.90;

P=0.006).

Conclusions: The combination of TKIs and chemotherapy was effective in this cohort previously treated with

trastuzumab  treatment.  Therefore,  TKIs  combined  with  chemotherapy  is  an  option  for  Chinese  HER2-positive

MBC patients previously treated with trastuzumab treatment.
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Introduction

Trastuzumab  was  confirmed  to  provide  significantly
improved  clinical  benefits  and  formed  the  foundation  of
modern  biotarget  therapy  in  human  epidermal  growth
factor  receptor  2  (HER2)-positive  breast  cancer  (1-4).
However, most patients develop progressive disease during
or  after  trastuzumab  treatment  (5-8),  and  additional
intervention is often required.

The  National  Comprehensive  Clinical  Network
(NCCN)  guidelines  (9)  recommends  trastuzumab
emtansine (TDM1) as a preferred option for the treatment
of patients with HER2-positive metastatic breast cancer
(MBC) who have previously received a trastuzumab-based
regimen (10). Other HER2-targeted treatments for HER2-
positive MBC have expanded to include pertuzumab (11).
However,  in  China,  TDM1  and  pertuzumab  are
unavailable.

Switching  to  the  lapatinib-contained  regimen  is  an
option for patients with HER2-positive disease following
progression  on  a  trastuzumab-containing  regimen
according to NCCN panel. In preclinical studies, lapatinib
was not cross-resistant with trastuzumab (12). The clinical
activity  of  lapatinib-containing  regimens  has  been
demonstrated in women with HER2-positive breast cancer
that  progressed  despite  trastuzumab treatment  (13-15).
Several  trials  have  demonstrated  benefit  of  continuing
trastuzumab therapy following disease progression on a
trastuzumab-containing regimen (16-18). Therefore, the
NCCN  panel  (9)  recommends  the  continuation  of  a
trastuzumab regimen and switching to other chemotherapy
drugs for patients with HER2-positive disease following
progression on a trastuzumab-containing regimen.

Although the NCCN panel recommends continuation of
HER2 blockade for patients with HER2-positive MBC that
progresses on first-line trastuzumab-containing regimens,
in China, patients very commonly have inadequate funding
for anti-HER2 treatment. Standard chemotherapy alone is
also an option for patients whose disease progresses on a
trastuzumab-containing regimen.

Based on the  currently  available  drugs  in  China  (i.e.,
standard  chemotherapy,  trastuzumab,  lapatinib),  this
retrospective  analysis  was  conducted  in  a  real-world
population. It aimed to evaluate the effectiveness of HER2-
target  therapy  plus  chemotherapy  or  s tandard
chemotherapy alone after disease progression in patients
during trastuzumab treatment.  We aimed to glean new
information that could aid daily clinical practice.

Materials and methods

Study design and patients

Patients  with  HER2-positive  MBC  whose  disease
progressed  despite  previous  trastuzumab-based  therapy
were  treated  with  oral  lapatinib  (1,250  mg  daily)  plus
chemotherapy, trastuzumab (6 mg/kg every 21 d following
a loading dose of 8 mg/kg for cycle 1) plus chemotherapy,
or chemotherapy only between August 2010 and December
2016 in Department of Breast Oncology, the Fifth Medical
Center  of  Chinese  PLA  General  Hospital.  Data  were
retrospectively  obtained  from the  patients’  medical  charts.
Forty-seven  patients  (31.8%)  receiving  trastuzumab in  the
trastuzumab  group  were  from  patient  assistance  program
(PAP)  (Founded  by  cancer  foundation  of  China,  PAP
provide  supports  for  low-income  patients).  Other
patients  are  self-funding  for  lapatinib  and  trastuzumab  in
this study.

Eligibility criteria were as follows: 1) eligible patients
were  women  >18  years  of  age  with  histologically  or
cytologically confirmed breast cancer; 2) patients must have
had metastatic disease that progressed during their most
recent treatment regimen containing trastuzumab; 3) HER2
gene amplification from tumors (primary or metastatic) was
measured  by  fluorescence  in  situ  hybridization,  while
HER2  overexpression  was  measured  by  immuno-
histochemistry (3+);  4) eligible patients had at least one
measurable  lesion  according  to  Response  Evaluation
Criteria in Solid Tumors (RECIST) or bone-only disease;
and  5)  patients  were  required  to  have  an  Eastern
Cooperative  Oncology  Group  performance  status  ≤2;
adequate hematologic, renal, and hepatic function; and a
left ventricular ejection fraction (LVEF) of 50% or more
that was sonographically confirmed. The study has been
approved by the  ethics  committee  of  the  Fifth  Medical
Center of Chinese PLA General Hospital.

Response and outcome

Effectiveness  was  assessed  by  progression-free  survival
(PFS),  objective  response  rate  (ORR),  and  clinical  benefit
rate  (CBR).  PFS  was  defined  as  the  time  from  treatment
initiation to progression or death. ORR was considered the
percentage of complete response (CR) and partial response
(PR). CBR was defined as the percentage of cases with CR,
PR or  stable  disease  for  ≥24  weeks.  Effectiveness  was
evaluated  by  computed  tomography,  magnetic  resonance
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imaging,  bone  scan,  and  physical  examination  every  6−8
weeks  (two  cycles)  until  disease  progression  occurred.
Progression  was  assessed  according  to  RECIST  (version
1.1) criteria.

Statistical analysis

The log-rank test was used to compare differences between
Kaplan-Meier  curves  for  different  treatment  groups.
Multivariate Cox regression analyses were used to estimate
crude  and  adjusted  hazard  ratio  (HR)  and  corresponding
95%  confidence  intervals  (95%  CIs)  (19).  Potential
prognostic confounders adjusted in the model include age,
hormone receptor status,  number of metastatic sites,  brain
metastases, liver metastases, visceral metastases, duration of
previous  trastuzumab-containing.  All  other  analyses  were
descriptive.  All  tests  were  two-sided  at  the  5%  level  of
significance.  Values of  P<0.05 were considered statistically
significant.  The  statistical  analyses  were  conducted  with
available  data  using  SAS  software  (Version  9.4;  SAS
Institute Inc., Cary, USA).

Results

Patient characteristics and treatment

Between  August  2010  and  December  2016,  data  were
collected  and  censored  to  December  2016.  A  total  of  342
HER2-positive  MBC  patients  whose  disease  had
progressed  while  on  previous  trastuzumab  treatment.
Patients  were  classified  into  three  different  groups  by
subsequent  treatment:  78  (22.8%)  received  chemotherapy
only,  148  (43.3%)  continued  to  receive  trastuzumab  plus
chemotherapy,  and  116  (33.9%)  received  lapatinib  plus
chemotherapy.  The  demographic  and  baseline  disease
characteristics  of  the  three  treatment  groups  are  shown in
Table  1.  Overall,  most  (n=246;  71.9%)  of  the  342  patients
had  visceral  metastases  and  156  (45.6%)  had  estrogen
receptor-positive  disease.  And  24.4%  (19/78)  patients  in
the chemotherapy group had three or more metastatic sites,
compared  with  33  (22.3%)  of  148  patients  in  the
trastuzumab  group  and  35  (30.2%)  of  116  patients  in  the
lapatinib  group.  More  patients  (16.4%)  in  the  lapatinib
group  had  central  nervous  system  (CNS)  metastases.  The

Table 1 Baseline patient characteristics by treatment group

Variables
n (%)

P
Group A (N=78) Group B (N=148) Group C (N=116)

Age (year) [median (range)] 44.5 (23−67) 47.0 (24−75) 43.5 (26−68)   0.3451

Hormone receptor status   0.1979

　Positive 41 (52.6) 69 (46.6) 46 (39.7)

　Negative 37 (47.4) 79 (53.4) 70 (60.3)

Number of metastatic sites   0.4316

　1 27 (34.6) 56 (37.8) 41 (35.3)

　2 32 (40.0) 59 (39.9) 40 (34.5)

　3 14 (17.9) 20 (13.5) 21 (18.1)

　≥4 5 (6.4) 13 (8.8)   14 (12.1)

Visceral metastases 55 (70.5) 105 (70.9)   86 (74.1)   0.8071

　CNS   8 (10.3) 10 (6.8)   19 (16.4)   0.0434

　Liver 26 (33.3) 51 (34.5) 46 (39.7)   0.5868

Chemotherapy of the trial*

　Capecitabine 25 (32.1) 58 (39.2) 97 (83.6) <0.0001

　Vinorelbine 20 (25.6) 49 (33.1) 9 (7.8) <0.0001

　Taxane 24 (30.8) 33 (22.3) 9 (7.8) <0.0001

　Gemcitabine 17 (21.8) 13 (8.8)   1 (0.9) <0.0001

　Others 12 (15.4) 4 (2.7) 1 (0.9) <0.0001

Group A, chemotherapy-only group; Group B, trastuzumab combination group; Group C, lapatinib combination group; CNS, central
nervous system; *, Totals exceed 100% because patients could have received more than one treatment.

Chinese Journal of Cancer Research, Vol 32, No 3 June 2020 363

© Chinese Journal of Cancer Research. All rights reserved. www.cjcrcn.org Chin J Cancer Res 2020;32(3):361-369



drugs  of  chemotherapy  were  unbalanced  among  the  three
groups, and more capecitabine in the lapatinib group.

Effectiveness

At a median follow-up of 26.2 (range, 2.0−56.0) months, a
total of 325 PFS events (77 in the chemotherapy-only arm,
143 in the trastuzumab arm, and 105 in the lapatinib arm)
were  reported  of  the  342  enrolled  patients.  Patients
receiving  anti-HER2  therapy  experienced  significantly
improved PFS compared to  those  receiving chemotherapy
alone  (HR=0.70,  95% CI,  0.60−0.81;  P<0.0001; Figure  1).
The  median  PFS  was  4.5  months  for  the  trastuzumab
combination  group,  6.0  months  for  the  lapatinib

combination group, and 3.0 months for the chemotherapy-
only arm. The ORR was 12.8% in the chemotherapy-only
group, 25.0% in the trastuzumab group, and 33.6% in the
lapatinib group. The CBR values of the three groups were
31.3%, 48.6% and 63.8%, respectively (Table 2).

Anti-HER2 therapy subgroup analysis

We  further  showed  the  subgroup  analyses  of  lapatinib
group  and  trastuzumab group.  The  improved  PFS benefit
associated with lapatinib was consistent across some of the
clinically important subgroups, such as duration of previous
trastuzumab-containing regimen ≥6 months compared with
the  trastuzumab  combination  regimen  (8.0  months vs.  5.0
months;  stratified  HR=0.60,  95%  CI,  0.38−0.96;  P=0.033;
Figure  2A).  For  patients  with  a  duration  of  previous
trastuzumab-containing  regimen  <6  months,  the  median
PFS  of  the  lapatinib  combination  group  and  trastuzumab
combination  group  was  not  significantly  different  (5.4
months vs.  5.0  months;  stratified  HR=0.80,  95%  CI,
0.59−1.09;  P=0.160; Figure  2B).  PFS  associated  with  the
two  groups  was  demonstrated  across  subgroups,  including
those  defined  by  age,  hormone  receptor  status,  visceral
involvement,  and  duration  of  previous  trastuzumab-
containing (Figure 3).

In multiple  analysis,  after  controlling other  potential
confounders, treating with lapatinib (HR=0.68, 95% CI,
0.52−0.90)  and  duration  of  previous  trastuzumab-
containing  regimen  ≥6  months  (HR=0.78,  95%  CI,
0.64−0.96) remain statistically significant (Table 3).

Toxicity

Safety  analysis  was  conducted  on  88  patients  in  the
lapatinib group and 118 patients in the trastuzumab group.

Table 2 Efficacy outcomes by treatment group

Outcomes
n (%)

P
Group A (N=78) Group B (N=148) Group C (N=116)

CR 0 (0)    2 (1.4) 4 (3.4) −
PR 10 (12.8) 35 (23.6) 35 (30.2) −
SD 50 (64.1) 93 (62.8) 66 (56.9) −

　SD ≥6 months 11 (14.1) 35 (23.6) 31 (26.7) −
PD 18 (23.1) 18 (12.2) 11 (9.5)   −
ORR 10 (12.8) 37 (25.0) 39 (33.6) 0.0047

CBR 21 (26.9) 72 (48.6) 70 (60.3) 0.0013

CR,  complete  response;  PR,  partial  response;  SD,  stable  disease;  PD,  progression  disease;  ORR,  overall  response  rate,
ORR=CR+PR; CBR, clinical benefit rate, CBR=CR+PR +SD ≥6 months.

 

Figure 1 Kaplan-Meier estimates of locally assessed progression-
free survival in the full analysis set (Log-rank, P<0.0001). Group B
vs.  A:  HR=0.66  (0.50−0.88),  P=0.0037;  Group  C vs.  A:  HR=0.49
(0.36−0.66),  P<0.0001.  Group  A,  chemotherapy-only  group;
Group  B,  trastuzumab  combination  group;  Group  C,  lapatinib
combination group; HR, hazard ratio.
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Lapatinib group was associated with higher proportions of
diarrhea,  hand-foot  syndrome,  vomiting,  whereas

trastuzumab  was  associated  with  higher  proportions  of
neutropenia, anemia, and thrombocytopenia (Table 4). Two

 

Figure 2 Kaplan-Meier estimates of locally assessed progression-free survival with that of patients who had disease control time of previous
trastuzumab-containing ≥6  months  (A)  (HR=0.60,  95%  CI,  0.38−0.96;  Log-rank  P=0.033)  and  disease  control  time  of  previous
trastuzumab-containing  <6  months  (B)  (HR=0.80,  95%  CI,  0.59−1.09;  Log-rank  P=0.160).  HR,  hazard  ratio;  95%  CI,  95%  confidence
interval.

 

Figure 3 Subgroup analysis  of  progression-free survival  (PFS).  Data  from primary PFS analysis  were analyzed.  *,  Derived from the Cox
proportional hazards model. Hormone receptor status: estrogen receptor (ER)- and/or progesterone receptor (PR)-positive vs. ER-negative
and PR-negative. HR, hazard ratio; 95% CI, 95% confidence interval.
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patients (2.3%) in the lapatinib group and 3 patients (2.5%)
in  the  trastuzumab  group,  respectively,  had  a  decrease  of
LVEF to  less  than  50% and  at  least  10  percentage  points
below  the  baseline  value.  No  therapy-related  death
occurred.

Discussion

The  clinical  trial  unquestionably  remains  a  powerful  tool
for  accumulating  scientific  evidence  about  the  safety  and
efficacy of a medical product. However, clinical trials often
include  specific  populations  within  specialized
environments  that  differ  from  real  clinical  settings  (20).
Real-world  studies  offer  the  potential  to  supplement
knowledge  gaps  and  address  questions  that  cannot  be
solved  by  clinical  trials  (21).  To  our  knowledge,
Hammerman’s (22) research groups have compared the OS
of  trastuzumab  beyond  progression  with  lapatinib  for
patients  previously  received  trastuzumab  treatment.
However, OS may be affected by the use of subsequent-line
therapies,  which  makes  it  difficult  to  assess  the  impact  of
only one treatment on survival. The focus of our work is on
PFS  and  response  associated  from  patients  treated  with

HER2-targeted  therapy  in  this  setting  from  real-world
sources,  which is  very different from Hammerman’s  work,
and  this  is  also  the  major  contribution  of  our  work.  This
study  was  designed  to  evaluate  the  effectiveness  outcomes
of  the  three  regimens  under  non-controlled  real-life
conditions  with  an  unselected  population  of  patients  with
HER2-positive  MBC  and  experienced  disease  progression
while on previous trastuzumab treatment.

In this cohort of 342 MBC patients, we showed that an
anti-HER2 therapy regimen significantly improved PFS
compared with the chemotherapy group and the benefit
was observed in ORR and CBR. The findings correspond
with  the  NCCN  panel  recommendation  of  the
continuation of HER2 blockade for patients with HER2-
positive MBC that progresses on first-line trastuzumab-
containing regimens.

The  subanalysis  demonstrated  that  lapatinib  plus
chemotherapy improved PFS compared with trastuzumab
plus chemotherapy, a result that is in accordance with those
of previous studies that assessed the ability of lapatinib to
overcome  the  mechanism  that  induces  trastuzumab
resistance  in  preclinical  and  clinical  studies  (12,15,23).

Table 3 Subgroup analysis of progression-free survival, multivariate Cox regression analysis

Variables HR 95% CI P

Lapatinib group vs. trastuzumab group 0.68 0.52−0.90 0.006

Age ≥45 years vs. <45 years 1.09 0.84−1.42 0.517

Hormone receptor status positive vs. negative 1.24 0.96−1.60 0.101

No. of metastatic sites ≤2 vs. >2 1.10 0.80−1.52 0.560

Brain metastases (yes vs. no) 0.91 0.67−1.24 0.544

Liver metastases (yes vs. no) 1.23 0.91−1.66 0.188

Visceral metastases (yes vs. no) 1.12 0.81−1.56 0.500

Duration of previous trastuzumab-containing regimen ≥6 months vs. <6 months first-line vs.
second and third line 0.78 0.64−0.96 0.048

HR, hazard ratio; 95% CI, 95% confidence interval.

Table 4 Most common treatment-related adverse events*

Adverse events
Lapatinib group (N=88) Trastuzumab group (N=118)

Events of any grade Events of grade 3−4 Events of any grade Events of grade 3−4

Diarrhea 63 (71.6) 14 (15.9) 42 (35.6) 2 (1.7)

Hand-foot syndrome 42 (47.7) 15 (17.0) 8 (6.8) 1 (0.8)

Vomiting 22 (25.0) 4 (4.5) 19 (16.1) 2 (1.7)

Neutropenia 15 (17.0) 5 (5.7) 31 (26.3) 9 (7.6)

Anemia   9 (10.2) 1 (1.1) 27 (22.9) 2 (1.7)

Thrombocytopenia 7 (8.0) 1 (1.1) 18 (15.3) 3 (2.5)

*, Safety analysis was conducted on 88 patients in the lapatinib group and 118 patients in the trastuzumab group.
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Moreover, our previous study (24) showed that after the
patients  developed  trastuzumab  resistance,  the  PFS  of
patients receiving the lapatinib regimen was significantly
longer  compared  with  the  patients  receiving  the
trastuzumab  regimen  (6.0  vs.  4.5  months,  respectively;
P=0.006).

NCCN guidelines list  several  therapeutic  options for
anti-HER2 therapy in patients who experienced disease
progression while on previous trastuzumab treatment (9).
These  include  switching  to  the  lapatinib-contained
regimen,  continuously  administering  trastuzumab  and
switching  to  other  chemotherapy  drugs,  terminating
chemotherapy  and  applying  trastuzumab plus  lapatinib
dual-targeted therapy, and the administration of TDM1.
However,  TDM1  is  unavailable  in  China,  the  patient
subgroup suitable for dual-targeted therapy is limited, and
anti-HER2 targeted therapy is expensive. The anti-HER2
therapy (i.e. lapatinib or trastuzumab) plus a chemotherapy
regimen or  the  use  of  chemotherapy alone remains  the
most  likely  option  for  most  Chinese  patients  who
experienced disease progression while on prior trastuzumab
treatment.

In  China,  patients  very  commonly  have  inadequate
funding for medical treatment. Therefore, TDM1 or the
widespread combined use of two targeted drugs to treat
HER2-positive  breast  cancer  patients  who experienced
disease progression on previous trastuzumab treatment is
unrealistic. Our study accurately reflected the true clinical
use of treatment in a heterogeneous population of breast
cancer patients across China, suggesting that switching to
lapatinib plus chemotherapy will result in a significantly
longer  PFS  than  treatment  with  trastuzumab  plus
chemotherapy.  Furthermore,  subgroup  analyses  were
conducted  to  identify  the  characteristics  of  patients
deriving the greatest clinical benefit from these regimens.
In addition, we can see that the toxicity of lapatinib group
is manageable. These data will improve the effectiveness of
salvage treatments  for  patients  and ensure that  patients
maximally benefit from treatment.

Our  study  was  retrospective  and  its  groups  were  not
prospectively  randomized;  therefore,  it  was  subject  to
limitations including lack of some clinical characteristics
such  as  performance  status,  TNM  staging,  and  other
baseline characteristics, and possible selection bias. And the
retrospective study using secondary data, multiple testing
might increase the risk of type I error while using 0.05 as
statistical  significance level.  In addition,  indications for
treatment were based on physicians’  discretion and not

specified. Thus, the sample size must be further expanded
in a multicenter study.

Despite these limitations, our study is important for at
least two reasons. First, it offers first-hand real-world data
of  the  effectiveness  of  anti-HER2 in  combination  with
chemotherapy  and  chemotherapy  in  Chinese  patients,
which can be important for clinical oncologists and provide
supplementary data  for  the coming registration clinical
trials in China. Second, exploratory analysis provides clues
for the selection of patients who are likely to benefit more
from TKI treatment.

Conclusions

Based  on  the  currently  available  drugs  in  China,  lapatinib
plus  chemotherapy  significantly  prolonged  PFS  compared
with  trastuzumab  combined  with  chemotherapy  as  well  as
chemotherapy alone in patients with HER2-positive MBC
who  were  previously  treated  with  trastuzumab.  Currently,
the  results  show  that  patients  who  were  available  to
lapatinib,  had  the  longest  PFS  estimates  of  all  of  the
observed patients in this study. We still need to expand the
sample  sizes  from  a  multicenter  study  to  support  our
conclusion.
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