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ABSTRACT  

Purpose 

Recent studies have reported the potential clinical utility for metastatic breast cancer (MBC) 

patients of continuing trastuzumab beyond progression. Based on those results, here we have 

examined the benefits of trastuzumab-continuation by specifically evaluating RECIST responses 

upon first line trastuzumab-treatment as a potential predictive marker for therapeutic effect of 

trastuzumab-continuation beyond metastatic disease progression. 

Methods 

We carried out a retrospective analysis of 272 HER2 positive MBC patients under trastuzumab 

treatment at 22 different oncology Italian centers during the years of 2000 and 2001 who 

progressed under first line trastuzumab-treatment. The primary end point of the study was the 

survival from the date of first documented progression upon first line trastuzumab treatment of 

disease. Data analysis involved the use of matching on propensity score to balance variables 

between treated and untreated subjects and to reduce bias.  

Results 

Of the 272 HER2-positive MBC patients, 154 (56.6%) continued treatment. 79 (51.3%) of those 

154 patients showed responses based on RECIST criteria during first-line trastuzumab-treatment. 

Of the 118 patients that suspended trastuzumab, RECIST responses had been observed in 44 

(37.3%). Cox proportional hazards analysis of progressed patients, matched using propensity 

score, showed that discontinuation of trastuzumab at metastatic disease progression was a risk 

factor for significantly reduced overall survival in both responder (HR = 2.23; 95% CI = 1.03 to 

4.82) and non-responder groups (HR = 3.53, 95% CI = 1.73 to 7.21), with no significant 

differences in the two estimated HRs (p-value of the likelihood-ratio test = 0.690). 
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Conclusions 

Continued trastuzumab treatment after disease progression has clinically and statistically 

significant effects in both RECIST responder and non-responder MBC patients. 

Keywords: HER2, trastuzumab, metastatic breast cancer, RECIST, propensity score matching 
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INTRODUCTION 

First line treatment of HER2 positive metastatic breast cancer (MBC) patients with the anti-

HER2 monoclonal antibody trastuzumab is now well established [1, 2]. However, patients may 

develop resistance to trastuzumab and show metastatic disease progression. Several retrospective 

studies published thus far (reviewed in [3,4]) [5, 6] have indicated a certain overall response rate, 

clinical benefit and extended time to progression from the use of a second trastuzumab-

containing regimen in HER2-positive MBC patients who progressed on first-line trastuzumab 

treatment. Moreover, two recent randomized trials designed to directly evaluate the efficacy of 

continuing trastuzumab after progression demonstrated the potential clinical utility of continuing 

trastuzumab even for patients with progressive disease [7, 8]. To further evaluate the benefits of 

trastuzumab-continuation therapy we carried out a retrospective analysis of 272 HER2 positive 

MBC patients first line trastuzumab treated in the metastatic setting  at different oncology centers 

in Italy, who continued or discontinued trastuzumab at progression. Since RECIST (Response 

Evaluation Criteria in Solid Tumors) was used for determining efficacy of trastuzumab-

containing regimens by the oncologists participating in this study, we specifically evaluated 

RECIST responses upon first line trastuzumab treatment, as a potential predictive marker for the 

therapeutic effects of trastuzumab-continuation beyond metastatic disease progression. The 

present study is the first report of increased overall survival independent of RECIST response 

achievement on initial chemotherapy regimens that include trastuzumab. 
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METHODS 

Patients  

272 patients with HER2-positive MBC all receiving first line trastuzumab in the metastatic 

setting during 2000-2001 in 22 Italian oncologic centers and recorded as in progression under 

trastuzumab treatment during the 2000-2007 observation period were considered for this study. 

Following progression, 154 patients continued trastuzumab-containing regimens, whereas 118 

patients stopped trastuzumab and changed therapy. All primary tumors were scored 3+ by 

immunohistochemistry (Herceptest) or 2+/FISH-positive prior to first line trastuzumab treatment 

for MBC.  

Response evaluation 

Clinical response of patients during first line trastuzumab treatment was evaluated according to 

RECIST 1.0 criteria [9]  for the target lesions as follows: i) complete response (CR) based on 

disappearance of all lesions; ii) partial response (PR) based on at least 30% reduction of the sum 

of maximum lesion diameters; iii) progressive disease (PD) based on at least 20% increase in the 

sum of maximum lesion diameters; and iv) stable disease (SD) based on a variation of the sum of 

maximum target lesion diameters between PR and PD. Clinical response of non-target lesions 

was categorized as: complete response (CR), progression (PD) or noCR/noPD. Response to 

trastuzumab was evaluated based on ultrasound, total body scan, magnetic resonance imaging, 

computed axial tomography or other radiological examination. Patients were considered as 

responsive when they presented a complete or partial response in at least one metastatic lesion. 

Independent central response review has been done at Fondazione IRCCS-Istituto Nazionale 

Tumori. The institutional review board of each participant institution approved the observational 

study.  
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Statistical methods 

To reduce potential bias in effects of treatment choices by physicians/patients or of differences in 

prognosis before treatment, either of which might result in large differences between treated and 

untreated groups in covariates, we used a propensity score [10] to assess the conditional 

probability of treatment according to the individual's covariates and to balance treatment choice-

related variables such that the analysis simulates random assignment.  We estimated a propensity 

score using a logistic regression model where the outcome variable is the oncologists' decision to 

continue/discontinue trastuzumab and the explanatory variables are the covariates selected 

according to their variable importance, estimated using random forests [11]. Our random forest 

contained 30000 trees and 6 random features to split each node. Mean decrease in prediction 

accuracy was the estimated measure of variable importance. 

Multivariate 1:1 matching with replacement performed by a 0.1 caliper matching on the 

estimated propensity score, together with an exact matching with site of metastases, generated 

238+238 matched treated and controls units; 34 (12.5%) observations were dropped by 

matching. The degree of covariate imbalance was measured using the standardized (mean and 

proportion) difference proposed by Austin et al [12]. 

Overall Survival (OS) of trastuzumab-treated patients was calculated as the time from the date of 

first documented progression of disease until death from any cause or until the end of the 

observation period. The hazard ratios related to trastuzumab treatment suspension after disease 

progression were estimated on matched data by a Cox proportional hazards model with random 

effects (frailty), stratified by investigational center [13]. Predictive covariates for survival were 

selected according to their variable importance, estimated using survival random forests [14]. 

The assumption of proportional hazards was verified using the test of Grambsch and Therneau 
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[15], based on Schoenfeld residuals. The proportional hazards assumption was tested globally 

and for each covariate, with all null hypotheses set at a 5% level of significance. 

Differences of treatment effects in the responder and non-responder subgroups were investigated 

considering in the Cox model the interaction between patient response to trastuzumab-based 

therapy and continuation/discontinuation of treatment and by testing (using a likelihood-ratio 

test) whether the coefficient of the interaction term was significantly different from zero. The 

survival curve of Figure 1 was estimated on unmatched data by the Kaplan-Meier method. 

Figure 2 shows the predicted survivor functions estimated on matched data using the Cox 

proportional hazard model with frailty.  

Missing values of the analyzed covariates were imputed by the method described in Iacus and 

Porro [16] based on proximity of random forests. Imputed data were used only for variable 

selection and propensity score estimation. Matching and model estimation were applied to 

selected variables with missing values. The Cox proportional hazard model was estimated using 

442 observations (34 were deleted due to missingness). 

Statistical analyses were carried out using the R software for statistical computing, v. 2.8.1 (R 

Development Core Team, 2008), with the following packages: randomForest, 

randomSurvivalForest, survival and Matching. 

 

 

RESULTS  

To evaluate RECIST responses upon first line trastuzumab treatment, as a potential predictive 

marker for any therapeutic effect of trastuzumab-continuation beyond metastatic disease 

progression, we have examined the benefits of trastuzumab-continuation therapy by carrying out 



 9 

a retrospective analysis of 272 HER2 positive MBC patients under treatment at 22 different 

oncology centers in Italy during the years of 2000 and 2001 (Fig. 1). Our analysis included 154 

(56.6%) progressed patients who continued trastuzumab for an additional 1 month to 5.5 years 

after progression (median exposure time to trastuzumab of 15.5 months), and 118 patients that 

were changed to a different chemotherapeutic regimen. Of the 154 patients that continued 

trastuzumab, 79 (51.3%) showed responses (CR+PR) based on RECIST criteria during first-line 

trastuzumab treatment. Of the 118 patients that suspended trastuzumab, RECIST responses had 

been observed in 44 (37.3%). The clinical-pathological characteristics of these patients are 

shown in Table 1. 

Continuation of trastuzumab led to a significant increase in overall survival (p<0.001) in both 

RECIST responder (Fig. 2a) and non-responder groups (Fig. 2b). Specifically, RECIST 

responder patients continuing trastuzumab showed a median survival of 27 months (95%CI = 24 

to 37) compared to 12 months (95%CI = 7 to 16) for those halting trastuzumab (p<0.001). 

Similarly, within RECIST non-responder patients the median survival benefit was 21 (95%CI = 

18 to 38) versus 11 months (95%CI = 8 to 15, p<0.001). The strong gain in overall survival in 

patients non-responsive to first line trastuzumab treatment who continued trastuzumab at disease 

progression was unexpected and surprising. It is possible that the survival benefit was due to 

clinical-pathological differences between those patients selected to continue trastuzumab therapy 

versus those that were switched to a different regimen. The continuation group represented 

patients of younger age (52 vs. 56 years), smaller size of first metastatic lesion at progression (20 

vs. 25 mm), a higher number of resected lymph nodes (18 vs. 15), more taxane (68.8% vs. 

39.8%) and gemcitabine (14.3% vs. 0.8%) therapy, fewer visceral-only metastases (8.4% 

vs.21.2%), more multiple metastases (80.5% vs. 59.3%) and fewer liver-only metastases (6.5% 
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vs. 16.9%), a higher number of target lesions (2 vs. 1), and a higher response to trastuzumab-

based therapy (51.3% vs. 37.3%) in the metastatic disease (see also Supplementary Table 1). 

To reduce bias due to patient selection, we used the method of propensity score matching 

estimated by a logistic regression model using continuation/discontinuation of trastuzumab as the 

outcome variable and the following covariates as predictors: taxane treatment, number of 

resected lymph nodes, axillary dissection, tumor size, response to trastuzumab-based therapy, 

multiple metastases, gemcitabine, time to progression, target and non-target metastases, age, site 

of metastases, aromatase inhibitor, number of positive lymph nodes and number of target lesions. 

These variables were selected using the graph of the estimated variable importances in the 

Supplementary Figure 1. The area under the ROC curve of the logistic model was 0.80 (95% CI 

= 0.75 to 0.86). The estimate values of the model’s parameters are given in Supplementary Table 

2. 

The most predictive variables of survival were: response to trastuzumab therapy, size of first 

metastatic lesion at progression, menopause, brain metastases, site of metastases, other drugs 

associated to trastuzumab therapy, time to progression, aromatase inhibitor associated to 

trastuzumab therapy, and HER2 score (see the estimated variable importance in the 

Supplementary Figure 2). Propensity score 1:1 matching with replacement generated 238 

matched treated and control patients. The two groups reached a “good” balance (standardized 

mean differences below 10) for all the variables associated with continuation/discontinuation of 

trastuzumab treatment and for predictors of survival (see Supplementary Table 1). Limiting the 

analysis to the matched patients (Fig. 3) still showed that discontinuation of trastuzumab at 

metastatic disease progression was a risk factor that significantly reduced overall survival in both 

responder (HR = 2.23; 95% CI = 1.03 to 4.82) and non-responder groups (HR = 3.53, 95% CI = 



 11 

1.73 to 7.21), with no significant differences in the two estimated HRs (p-value of the likelihood-

ratio test = 0.690). These results suggest that continued trastuzumab treatment after disease 

progression has clinically and statistically significant effects in both responder and non-

responder subgroups, even after balancing the differences in the groups who continued or 

discontinued the treatment. In addition, responders and non-responders did not show significant 

differences in overall survival (HR = 0.91, 95% CI = 0.46 to 1.67, p = 0.760). 

 

 

DISCUSSION 

Two recent randomized clinical trials have documented the benefit on overall response of 

continued use of trastuzumab in women with HER2 positive breast cancer who experienced 

progression during trastuzumab treatment [7, 8]. Here we show from a study of clinical practice 

in Italy that continued trastuzumab treatment after disease progression has clinically and 

statistically significant effects, remarkably in both RECIST responder and non-responder MBC 

patients upon first line trastuzumab treatment. 

Although we are aware that retrospective studies suffer from limitations, such as the 

heterogeneity we found in the patients either continuing or halting trastuzumab beyond 

progression, we reduced bias by building a predicted survival function on matched patients 

balanced for variables associated with continuation/discontinuation of trastuzumab treatment and 

for predictors of survival. Finding a significant clinical benefit in both RECIST responder and 

non-responder patients continuing trastuzumab at progression in Cox proportional hazards 

analysis of progressed patients, matched using propensity score, strengthened our results. 

Specifically, in our sample the overall survival approximately doubled in patients with RECIST 
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responses continuing trastuzumab compared to those halting trastuzumab (median overall 

survival 27 versus 12 months). More interestingly, a similar significant increase (21 versus 11 

months) was found also in non-responder patients. 

While a number of retrospective analyses have shown a potential advantage for the “continuation 

policy” (reviewed in [3-6]) in agreement with our results, two retrospective studies indicated no 

statistically significant benefit from continuing trastuzumab [17, 6]. In these studies, carried out 

by the same group, the authors themselves suggest that patients continuing trastuzumab might 

have been subject to closer clinical evaluation because of the weekly administration schedule of 

the antibody compared to the control arm of untreated patients, and an earlier detection of 

disease progression may have partially clouded the benefit of continuation.  

To explain the gain in survival beyond progression in RECIST non-responder patients first 

observed in our series, we speculate that the two major mechanisms of action described for 

trastuzumab i.e., antibody-dependent cell-mediated cytotoxicity (ADCC) and cytostatic activity 

through the blockage of HER2 proliferation pathways [18] can explain their effectiveness in 

responder and non-responder patients, alike. ADCC likely accounts for tumor shrinkage and is 

thus probably the main mechanism reflected by the RECIST system response evaluation. ADCC-

mediated tumor destruction requires a functional innate immune system [19] presumably 

compromised in metastatic patients who have received one or more chemotherapy regimens. 

However, for those patients lacking cellular components that mediate ADCC and that do not 

account for RECIST responses, trastuzumab therapy might still be beneficial because of its 

cytostatic activity: inhibition of HER2-mediated proliferation pathways could lead to improved 

survival even without a decrease in the tumor mass.  

With the exclusion of patients with tumors insensitive to HER2 blockage, including those with 
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PTEN or p27 loss [20,
 
21], or expressing a truncated HER2 receptor [22], or displaying enhanced 

Akt signaling, or signaling through other receptors such as cMet [23] and integrins [24], or those 

producing high amount of growth factors leading to increased activation of HER2 no longer 

sensitive to antibody blockage [25] continuation of trastuzumab treatment in patients who show 

no RECIST response may lead to a clinically relevant cytostatic response. Compared with 

cytotoxic chemotherapy, trastuzumab-based therapy and other similar targeted therapies often 

result in disease stabilization or delayed disease progression rather than tumor shrinkage. Thus, 

to predict benefits of trastuzumab continuation at progression calculated in terms of survival 

beyond progression, indicators other than RECIST should be considered. Promising results 

obtained in preclinical models have shown that molecular imaging techniques such as PET may 

be adequate to detect trastuzumab-induced inhibition of HER2+ tumor growth [26], but clinical 

explorations in randomized trials are warranted. 

In conclusion, our findings suggests that continued trastuzumab treatment after disease 

progression has clinically and statistically significant effects in both RECIST responder and non-

responder MBC, indicating that continuing trastuzumab beyond disease progression has efficacy 

also in the latter group. Our results may also suggest that is possible to restart treatment with 

trastuzumab even in patients relapsed in the adjuvant setting.  
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Figure 1. CONSORT Diagram of the Italian retrospective study 

Figure 2. Overall survival from the first documented progression under trastuzumab therapy for both responder (a) 

and non-responder groups (b) according to discontinuation (dotted) and continuation (solid line) of trastuzumab 

treatment.  

Figure 3 Predicted survivor function from the first documented progression under trastuzumab therapy for matched 

patients with disease progression, according to discontinuation/continuation of trastuzumab treatment and according 

to response/no response: discontinuation and response (D/R, solid line), discontinuation and no response (D/NR, 

dashed), continuation and response (C/R, dotted), and continuation and no response (C/NR, dot-dashed). 

 

Table 1. Descriptive statistics of the unmatched study sample and of the subgroups with 

suspension/continuation of Trastuzumab treatment at disease progression. Continuous 

covariates and counts: median and (interquartile range). Categorical covariates: absolute and 

(relative) frequency.  
 

 

 
Total sample 

Treatment 

continuation† 

Treatment 

suspension† 
p § 

          Total 272 154 (56.6) 118 (43.4)  

     
Patient-related variables     

Age  (years) 54 (44 – 61) 53 (40 – 60) 56 (48 – 63) 0.009 

Menopause  184 (69.4) 99 (65.1) 85 (75.2) 0.082 
LVEF (%) 64 (59 – 68) 64 (58 – 68) 63 (59 – 67) 0.846 

Dead patients 131 (48.2) 63 (40.9) 68 (57.6) 0.007 

     
Tumor-related variables     

ER positive 133 (49.8) 69 (45.1) 64 (56.1) 0.084 

PgR positive 104 (39.2) 52 (34.4) 52 (45.6) 0.076 

Grade (I+II vs. III) 160 (70.8) 85 (68.5) 75 (73.5) 0.464 
Ductal histotype  196 (83.8) 121 (83.4) 75 (84.3) 1.000 

N. of resected lymph nodes 17 (12 – 22) 18 (12 – 23) 15 (12 – 20) 0.037 

N. of positive lymph nodes 4 (1 – 10) 4 (1 – 9) 3 (1 – 10) 0.704 
     
Relapses and recurrences     

Target/not target metastases     

Visceral only 

38 (14.0) 13 (8.4) 25 (21.2) 0.001 

Not Visceral  62 (22.8) 30 (19.5) 32 (27.1)  

Other 172 (63.2) 111 (72.1) 61 (51.7)  

N. of metastatic lesions 2 (1 – 3) 2 (2 – 3) 2 (1 – 3) 0.010 
Multiple metastases  194 (71.3) 124 (80.5) 70 (59.3) <0.001 

Site of metastasis                       

Liver 

30 (11) 10 (6.5) 20 (16.9) 0.022 

Bone 12 (4.4) 5 (3.2) 7 (5.9)  

Lung 15 (5.5) 8 (5.2) 7 (5.9)  

Other 215 (79.0) 131 (85.1) 84 (71.2)  
N. of target lesions 1 (1 – 2) 2 (1 – 2) 1 (1 – 2) 0.001 

Size of first metastatic lesion at 

progression (mm) 

22 (15 - 35) 20 (11 - 30) 25 (20 - 40) 0.005 

     
Associated therapies      

Taxane  153 (56.3) 106 (68.8) 47 (39.8) <0.001 

Gemcitabine 23 (8.5) 22 (14.3) 1 (0.8) <0.001 
Aromatase inhibitor 34 (12.5) 24 (15.6) 10 (8.5) 0.079 

Other drugs 23 (8.5) 15 (9.7) 8 (6.8) 0.384 

     
RECIST response to first-line 

trastuzumab-based therapy  
123 (45.2) 79 (51.3) 44 (37.3) 0.021 

     

§ P-value of the test of independence between covariates and discontinuation/continuation of Trastuzumab treatment 

at progression. Continuous covariates and counts: Wilcoxon’s rank-sum test statistic. Categorical covariates: 

Fisher’s exact test. 
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Number at risk

C/NR 122 71 25                               6

C/R     116 86 50                              12

D/NR 133 72 8                                4

D/R 105 21 6                                1  
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