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Abstract

Purpose—To evaluate whether tumor uptake of [89Zr]trastuzumab can distinguish HER2-

positive from HER2-negative breast cancer.

Methods—Women with HER2-positive (n=34) and HER2-negative (n=16) breast cancer 

underwent PET/CT 5 ± 2 days following [89Zr]trastuzumab administration. HER2 status was 

determined based on immunohistochemistry and/or fluorescence in situ hybridization of primary 

or metastatic/recurrent tumor. Tumor [89Zr]trastuzumab uptake was assessed qualitatively and 

semiquantitatively as maximum standardized uptake value (SUVmax), and correlated with HER2 

status. Additionally, intrapatient heterogeneity of [89Zr]trastuzumab uptake was evaluated.

Results—On a per-patient basis, [89Zr]trastuzumab-PET/CT was positive in 30/34 (88.2%) 

HER2-positive and negative in 15/16 (93.7%) HER2-negative patients. Considering all lesions, the 
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SUVmax was not significantly different in patients with HER2-positive versus HER2-negative 

disease (p=0.06). The same was true of when only hepatic lesions were evaluated (p=0.42). 

However, after excluding hepatic lesions, tumor SUVmax was significantly higher in HER2-

positive compared to HER2-negative patients (p=0.003). A cutoff SUVmax of 3.2, determined by 

ROC analysis, demonstrated positive-predictive value of 83.3% (95% CI: 65.3%, 94.4%), 

sensitivity of 75.8% (57.7%, 88.9%), negative-predictive value of 50% (24.7%, 75.3%), and 

specificity of 61.5% (95% 31.6%, 86.1%) for differentiating HER2-positive from HER2-negative 

lesions. There was intrapatient heterogeneity of [89Zr]trastuzumab uptake in 20% of patients with 

multiple lesions.

Conclusions—[89Zr]trastuzumab has the potential to characterize the HER2 status of the 

complete tumor burden in patients with breast cancer, thus obviating repeat or multiple tissue 

sampling to assess intrapatient heterogeneity of HER2 status.
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Introduction

Breast cancer is the most common malignancy in women in the United States; one in eight 

women will develop this cancer during their lifetime. It is estimated that approximately 

252,710 women will be diagnosed with breast cancer in 2017 and 40,610 will die from this 

disease (1). About 20–25% of breast cancers overexpress the human epidermal growth factor 

receptor 2 (HER2), by pathological evaluation of tumor tissue using immunohistochemistry 

(IHC) or by fluorescence in situ hybridization (FISH) (2). HER2 is a transmembrane protein 

that plays a vital role in the regulation of cell growth, survival and differentiation. HER2 

overexpression is associated with aggressive biological behavior and poor clinical outcome. 

Patients with HER2-positive breast cancer often have significantly shorter disease-free 

survival and worse overall survival than those with other breast cancer subtypes (3). In 

breast cancer, HER2 and hormone receptor status remain the main predictive factors for the 

selection of targeted therapies. Therefore, HER2 is an important biomarker. It also is an 

ideal target for developing strategies for imaging and for treatment of HER2-positive breast 

cancer.

To date, the success of HER2-targeted therapy has depended on selecting patients for 

treatment based on pathological assessment of tumor biopsy materials. However, in vitro 
assays used for assessment of HER2 status are limited by tumor heterogeneity and the 

variability of assay results. Test-retest variability of IHC results of the same specimens has 

been attributed to non-uniform control of time, type of tissue fixation and temperature of 

paraffin embedding, and the absence of standards for processing tissue samples (3). FISH 

assays require extensive training and expertise to distinguish normal from malignant cells. In 

addition, the fluorescence may fade over time, and prior protein digestion may affect the 

morphology of tumor samples (3). Furthermore, in up to 25% of cases, HER2 status may be 

discordant between the primary tumor and metastatic lesions (4, 5), and among different 

metastatic lesions. This is why testing of metastatic lesions at relapse is recommended, given 

the importance of test results on choice of therapy. Thus, a noninvasive method for 
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evaluation of HER2 expression throughout a patient’s entire tumor burden, including lesions 

not readily accessible to biopsy, would be very desirable.

We and others have shown that trastuzumab, a therapeutic monoclonal antibody directed 

against HER2, when labeled with 89Zr, can be used to detect HER2-positive breast cancer by 

positron emission tomography (PET) (6, 7). In this study, we planned to evaluate whether 

tumor uptake of [89Zr]trastuzumab can distinguish HER2-positive from HER2-negative 

breast cancer.

Materials and Methods

Patient Population

We studied 50 women with biopsy-proved breast cancer-17 HER2-negative and 34 HER2-

positive. This study (Clinicaltrials.gov Identifier: NCT02065609) was approved by the 

Institutional Review Board and the Radioactive Drug Research Committee at Washington 

University School of Medicine and was conducted under an investigational new drug 

application (IND#118029) submitted to the U.S. Food and Drug Administration. All patients 

gave written informed consent before participation. The HER2 status was based on the 

clinical diagnosis from the pathological evaluation of the primary tumor and/or metastatic 

lesions at the time of relapse. HER2 positivity was defined per the 2013 American Society 

of Clinical Oncology/College of American Pathologists guidelines, which require tumors to 

be 3+ by HER2 IHC or have a FISH HER2:CEP17 ratio > 2 on primary, recurrent, or 

metastatic breast cancer tissue (2). All patients were required to have at least one lesion ≥ 

1.5 cm, as determined by physical examination or imaging studies (mammography, 

ultrasonography, CT or MRI). Presence of bone metastasis was based on positive bone 

scintigraphy or FDG-PET/CT, with corresponding lytic or sclerotic changes on CT or 

radiographs or changes on MRI. In patients with several bone lesions on bone scintigraphy 

or FDG-PET/CT, not all lesions had corresponding anatomical findings, but at least one 

lesion with corresponding anatomical finding was needed to be eligible to participate. 

Patients were evaluated by various imaging studies (e.g., mammography, bone scintigraphy, 

CT, MRI or FDG-PET/CT), as clinically indicated. Patients who were receiving systemic 

therapy with or without trastuzumab therapy were eligible to participate. Patients with other 

invasive malignancies, with the exception of non-melanoma skin cancer, who had any 

evidence of the other cancer within the last 5 years were not eligible.

[89Zr]Trastuzumab Synthesis and Quality Control

[89Zr]trastuzumab was prepared on site in our Cyclotron Facility, as previously described by 

Vosjan et al. (8). As previously reported, the radiochemical yield was ≥ 95% by radio-ITLC 

using 50 mM DTPA as the developing solution. The antibody aggregation analysis was 

determined using size-exclusion chromatography (Superose 12 10/300 GL, GE Healthcare, 

Piscataway, NJ), which resulted in ≥ 80% [89Zr]trastuzumab monomer. In addition, we 

determined the radionuclide identity, visual appearance, pH, specific activity and bubble 

point filter membrane integrity prior to release of [89Zr]trastuzumab. The immunoreactivity 

assay was performed on HER2-positive SKBR3 human breast cancer cells following 

methods developed by Lindmo et al. (9); we achieved an average immunoreactive fraction of 
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89 ± 0.1% (acceptance criterion ≥ 65%). The immunoreactivity assay and sterility of the 

final product were determined after the release of [89Zr]trastuzumab.

PET Imaging Procedures

All PET imaging was performed with a Siemens Biograph 40HD PET/CT scanner. 

Trastuzumab-naive subjects received 50 mg “cold” trastuzumab, whereas those undergoing 

trastuzumab therapy received 10 mg, 30 min to 2 h before administration of 

[89Zr]trastuzumab (range 43.3 – 92.1 MBq, mean 76.6 MBq). We and others have shown 

these pre-doses of cold trastuzumab to be adequate for minimizing uptake of radiolabeled 

trastuzumab by normal organs (7, 10). Standard-body PET/CT was performed 5 ± 2 days 

following [89Zr]trastuzumab injection. All subjects were monitored for adverse reactions 

(e.g., dyspnea, chest tightness, fever, rigors or hypotension) during administration of 

trastuzumab and [89Zr]trastuzumab. Vital signs (blood pressure, heart rate, respiratory rate, 

and temperature), clinical laboratory testing (standard hematologic and comprehensive 

metabolic panels that included hemoglobin, white blood cells, neutrophils, lymphocytes, 

platelets, creatinine, blood urea nitrogen, calcium, sodium, potassium, carbon dioxide, 

alanine transaminase, aspartate aminotransferase, alkaline phosphatase, total bilirubin, and 

albumin), urinalysis, and electrocardiography were assessed in all patients prior to 

[89Zr]trastuzumab administration and at the imaging session.

PET/CT consisted of a spiral CT scan for attenuation correction (120 kVp, 50 effective mAs 

at 5-mm slice thickness) from the top of the skull through the upper thighs with the subject 

in the supine position. Immediately after the attenuation CT scan, emission images 

beginning at the top of the skull and proceeding down through the upper thighs were 

obtained (1–10 min per bed position depending on the time post-injection) over 6–7 bed 

positions with a total imaging duration of no more than 1 hour. Images were reconstructed 

with 3D-OSEM with 3 iterations, 24 subsets and a post-reconstruction Gaussian filter of 7 

mm.

Image Analysis

[89Zr]trastuzumab-PET/CT images were correlated with physical examination and all 

available radiological images (mammography, bone scintigraphy, CT, MRI or FDG-PET/

CT). Images were evaluated qualitatively for presence or absence of uptake in known lesions 

in comparison to the uptake within normal comparable tissue using standard clinical 

imaging criteria initially without the knowledge of HER2 status of the lesions. After the 

qualitative image analysis was completed, the HER2 status of the lesions was recorded for 

final analysis. The images also were evaluated semi-quantitatively using maximum 

standardized value (SUVmax) with the knowledge of the location of the lesion (based on all 

available imaging studies). Spherical volumes of interest (VOIs, ~ 1.5 cm) were drawn 

around the lesion. In patients with multiple lesions, the mean of SUVmax of up to 7 lesions 

was calculated and recorded. [89Zr]trastuzumab uptake was correlated with known HER2 

status. In patients with multiple lesions confirmed on FDG-PET/CT, bone scintigraphy, MRI 

or biopsy, we evaluated intrapatient heterogeneity of [89Zr]trastuzumab uptake, defined as 

the presence of lesions with positive and negative [89Zr]trastuzumab uptake within an 

individual patient.
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Statistical Analysis

Demographic and clinical characteristics were summarized by descriptive statistics. The 

PET imaging data were semi-quantified as SUVmax for each individual patient under three 

scenarios: (a) considering all lesions, (b) considering all lesions except for hepatic lesions, 

and (c) considering hepatic lesions only. For each scenario, the association between 

[89Zr]trastuzumab uptake values (i.e., SUVmax) and HER2 expression (i.e., positive vs. 

negative) were examined via Kruskal-Wallis test, which allowed analyses to be run on non-

normally distributed imaging data. Median and interquartile range (IQR, i.e., 25th – 75th 

percentile) of SUVmax were reported by HER2 expression.

In addition, logistic regression was conducted to explore how well [89Zr]trastuzumab uptake 

values could classify HER2 positive and negative patients. The classification accuracy was 

evaluated via the area under a receiver operating characteristic (ROC) curve. An area of 1 

suggests a perfect classification; an area of 0.5 represents that a classification is no better 

than random guessing. An optimum threshold of [89Zr]trastuzumab uptake values that could 

maximize the sum of the specificity and sensitivity was selected under the ROC curve. 

Positive-predictive value (PPV), negative-predictive value (NPV), sensitivity, and specificity 

were reported. All statistical analyses were considered as exploratory, even if statistical tests 

were used. All statistical analyses were performed using SAS version 9.4 (SAS Institute, 

Cary, NC).

Results

Patient Characteristics

Fifty women were enrolled in the study. Eighteen had locally-advanced breast cancer; 5 had 

not received neoadjuvant therapy prior to [89Zr]trastuzumab-PET/CT and the remaining 13 

patients had received 1 to 3 cycles of neoadjuvant therapy (12 received taxotere®, 

carboplatin, herceptin®, and Perjeta® (TCHP) and 1 received epirubicin, fluorouracil, 

cyclophosphamide). Thirty-one of the 32 patients had metastatic/recurrent disease and had 

undergone 1 to 15 (median 5) prior regimens of systemic therapy (trastuzumab alone in 2 

patients and in combination with chemotherapy in 10 patients; combination of trastuzumab 

and endocrine therapy in 3; HER2-targeted therapy with neratinib in 1; chemotherapy in 9; 

endocrine therapy in 4; and targeted therapy with mTOR and tyrosine kinase inhibitors in 3). 

The remaining patient with recurrent disease had not begun treatment before 

[89Zr]trastuzumab-PET/CT. Thirty-four patients had HER2-positive and 16 had HER2-

negative breast cancer. The demographic characteristics of the patients are summarized in 

Table 1. Their mean age was 56 years (range 29 to 74 years). Thirty subjects were being 

treated with trastuzumab while participating in this trial and, thus, received the 10 mg pre-

dose of trastuzumab, while the other 20, who were trastuzumab-naïve, received the 50 mg 

pre-dose of trastuzumab. There were no significant changes in vital signs or the results of 

laboratory studies or electrocardiograms.

PET Results

The results of 12 of the 34 patients with HER2-positive breast cancer have been reported 

previously (6). On a per-patient basis, and based on visual assessment, the [89Zr]trastuzumab 
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scans were positive in 30 of the 34 HER2-positive patients (88.2%; 4 patients did not have 

any lesions with increased [89Zr]trastuzumab uptake) and negative in 15 of the 16 HER2-

negative patients (93.7%; 1 patient had only lesions with increased [89Zr]trastuzumab 

uptake). A total of 127 lesions were analyzed; 87 lesions were [89Zr]trastuzumab-positive 

and 40 were [89Zr]trastuzumab-negative. The distribution of lesions was as follows: 51 bone, 

25 breast, 21 liver, 16 lymph nodes, 13 lung and 1 chest wall. Among 50 patients, 25 had 

one lesion, 7 had two lesions, and 18 had three or more lesions.

Table 2 and Figure 1 show the summary of PET findings by HER2 status. Considering all 

lesions, the tumor SUVmax was evaluated for 50 patients (34 HER2-positive and 16 HER2-

negative). HER2-positive patients did not show significantly higher SUVmax (p = 0.06) 

values compared to HER2-negative patients. The median/IQR of SUVmax for HER2-positive 

vs. HER2-negative were 5.78/[3.6, 7.3] vs. 3.1/[2.03, 5.65].

After excluding hepatic lesions, the tumor SUVmax values were re-calculated for 46 patients 

(33 HER2-positvie and 13 HER2-negative). The SUVmax values were significantly higher (p 

= 0.003) in HER2-positive patients (median/IQR: 5.4/[3.3, 7.2]) compared to HER2-

negative patients (median/IQR: 2.8/[1.8, 3.2]). Using logistic regression, it was found that 

SUVmax was significantly associated with HER2 status with an estimated odds ratio of 1.76 

(95% CI: 1.17 – 2.65; p=0.007), indicating the larger the SUVmax, the more likely that 

HER2 status would be positive. An optimum SUVmax cutoff point of 3.2 was selected in a 

way that maximizes the sum of the specificity and sensitivity under the ROC curve (area 

under the curve =0.7879, Figure 2). 25 out of 33 HER2 positive patients had SUVmax greater 

or equal to 3.2; 8 out of 13 HER2-negative patients had SUVmax less than 3.2, with a PPV of 

83.3% (95% CI: 65.3%, 94.4%), sensitivity of 75.8% (57.7%, 88.9%), NPV of 50% (24.7%, 

75.3%), and specificity of 61.5% (31.6%, 86.1%) (Table 3).

There were 21 hepatic lesions, 10 in 6 patients with HER2-positive disease and 11 in 6 

patients with HER2-negative disease. Four hepatic lesions in 1 patient with HER2-positive 

disease showed increased [89Zr]trastuzumab uptake, but uptake in the remaining 17 lesions 

in the other 11 patients was similar to the liver background. Considering only hepatic 

lesions, the tumor SUVmax was not significantly higher in patients with HER2-positive 

disease compared with HER2-negative disease (8/[6.4, 14.6] vs. 7.85/[4.6, 10.8]; p = 0.42).

We observed intrapatient heterogeneity of [89Zr]trastuzumab uptake in 10 of the 50 patients 

with multiple lesions. Five of these patients had HER2-positive disease in whom the liver 

lesions did not show increased [89Zr]trastuzumab uptake, while their other tumor sites were 

positive on [89Zr]trastuzumab-PET/CT. This result may represent true heterogeneity or be a 

limitation of this imaging agent in evaluating hepatic lesions. These patients received 

between 2 to 15 treatment regimens in the past. Two patients had no or very low 

[89Zr]trastuzumab uptake in lung metastases while their bone and liver metastases showed 

increased uptake (Figure 3). These patients received 9 and 14 treatment regimens, 

respectively, in the past. Another patient with lung metastasis with both positive and 

negative lung lesions, received 6 treatment regimens in the past. Similarly, 1 patient with 

osseous metastasis had both positive and negative osseous lesions, received 15 treatment 

regimens in the past. The remaining patient had metastatic breast cancer at diagnosis and 
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was undergoing first-line systemic therapy; she had positive axillary lymph nodes, but 

negative breast lesion.

Discussion

It has been shown that biomarkers, such as the estrogen receptor (ER), progesterone receptor 

(PR) and HER2, which are predictive of response to targeted therapy, continue to change 

throughout tumor progression. Based on tissue biopsy samples, Lindström et al. found that 

ER, PR and HER2 status changed over time when comparing the primary tumor and 

subsequent metastatic disease in 32.4%, 40.7% and 14.5%, respectively (11). Another study 

by Aiken et al. found a change in HER2 status in 9.9% of patients, 7.4% from negative to 

positive and 1.5% from positive to negative. Change of ER or HER2 status from negative to 

positive in the relapse setting would introduce additional therapeutic options, potentially 

leading to objective response and prolonged survival in some patients. The potential for 

changing biomarkers of therapeutic targets makes clinical decisions more difficult and 

necessitates repeated biopsies at recurrences to optimize treatment selection. In addition, 

many studies have demonstrated discordant expression of ER, PR and HER2 between 

primary breast cancer, synchronous axillary metastases, and distant metastatic sites (12). In a 

multicenter trial, discordance in HER2 status between primary tumor and synchronous 

axillary lymph nodes was noted in nearly 5% of patients (13). This discordance further 

indicates the importance of knowledge of the status of HER2 or other biomarkers of as many 

lesions as possible, both at initial diagnosis and recurrence, as this information will influence 

management and impact patient outcome. However, it is impractical or impossible to biopsy 

multiple lesions and, thus, a noninvasive method that can map the HER2 status of a patient’s 

entire tumor burden would be very useful.

Several PET radiopharmaceuticals have been proposed for imaging HER2; the most widely 

studied are [89Zr]trastuzumab and [64Cu]DOTA-trastuzumab. Mortimer et al. recently 

demonstrated significantly higher uptake of [64Cu]DOTA-trastuzumab in the lesions of 11 

HER2-positive patients compared with those of 7 HER2-negative patients, with median 

average intrapatient SUVmax of 6.8 vs. 4.3 (p <0.005) on day 2 after tracer administration; 

there was overlap in the average intrapatient SUVmax in the two groups (14). They also 

found that 1 day after injection, the uptake of [64Cu]DOTA-trastuzumab in metastatic breast 

cancer is strongly associated with patient HER2 status and is indicative of binding to HER2. 

[89Zr]trastuzumab has been used primarily in Europe and demonstrated to be a sensitive 

tracer for detection of HER2-positive lesions by PET (7), and for prediction of response to 

T-DM1, a HER2-targeted therapy (15). More recently, Ulaner et al. studied 9 patients and 

demonstrated that [89Zr]trastuzumab-PET/CT detected unsuspected HER2-positive 

metastases in 5 patients with HER2-negative primary breast cancer (16). HER2 positivity 

was histologically confirmed in 2 of these 5 patients, who benefited from HER2-targeted 

therapy.

In our initial report of 12 HER2-positive patients, we found that [89Zr]trastuzumab was safe 

and yielded images of good quality at 4 days or later post-injection. The effective dose was 

0.47 mSv/MBq, with the liver as the critical organ (average dose of 1.54 mGy/MBq). We 

have since evaluated an additional 39 patients in this current study, with HER2-positive or 
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HER2-negative breast cancers. We found evaluation of hepatic lesions with 

[89Zr]trastuzumab to be limited, as the majority of hepatic lesions in both HER2-positive 

and HER2-negative patients had uptake similar to liver background activity. This finding has 

been reported by other investigators; Djikers et al. found that there was no increase in 89Zr-

trastuzumab uptake in known hepatic metastases from 3 of the 7 patients with HER2-

positive disease (7).

[89Zr]trastuzumab uptake, measured as SUVmax, was significantly higher in patients with 

HER2-positive disease versus HER2-negative disease, when hepatic metastatic lesions were 

excluded from the analysis. We found that an SUVmax cutoff of 3.2 has a high PPV of 83.3% 

and moderately high sensitivity of 75.8% in distinguishing HER2-positive and HER2-

negative lesions. Intrapatient heterogeneity of [89Zr]trastuzumab uptake was observed in 10 

patients with multiple lesions. All of these patients received prior therapy for metastatic 

disease; 7 of these patients had been treated with 6 or more metastatic regimens in the past. 

These results suggest that biopsy specimens may suffer from sampling error because of 

heterogeneous intratumoral HER2 expression or that a change in HER2 status occurred over 

time. Accordingly, the ability of [89Zr]trastuzumab-PET to characterize the HER2 status of 

all or most of a patient’s lesions may obviate repeat biopsy and has the potential to be an 

important tool for selecting those individuals likely to respond to HER2-targeted therapy.

One limitations of this study is the lack of recent biopsy of lesions of all patients; this could 

explain the only moderate sensitivity of the [89Zr]trastuzumab-PET for distinguishing 

HER2-positive and HER2-negative lesions, because the HER2status may have changed over 

time. Another limitation is the lack of biopsy in the majority of patients with discordant 

lesions. In addition, we did not study whether [89Zr]trastuzumab uptake is predictive of 

response to trastuzumab-targeted therapy. Trastuzumab is not typically used as a 

monotherapeutic agent and is often given in combination with various chemotherapeutic 

agents and, thus, its direct therapeutic effect cannot be easily evaluated.

Intrapatient heterogeneity of HER2 status may have an important impact in the selection of 

therapy and determining patient prognosis; however, this needs to be well documented 

before it can be applied to clinical practice. There is evidence that discordance in HER2 

status occurs between primary breast cancer and synchronous axillary metastatic lymph 

nodes and metastatic/recurrent disease, as well as among metastatic/recurrent lesions. It has 

been shown by Niikura et al. that patients with discordant HER2 status had shorter overall 

survival than did patients with concordant HER2 status (4). An important issue to consider 

in patients with discordant lesions is the false-negative in vitro assays results for HER2 

status, a problem that in vivo imaging may be able to address. Van Poznak et al. reviewed 

the literature to provide recommendations on the appropriate use of the results of biomarker 

assays to guide decisions on systemic therapy for metastatic breast cancer (17). They 

concluded that retesting of ER, PR, and HER2 status should be offered, but evidence is 

limited to determine whether changing cancer therapy on the basis of change in receptor 

status affects clinical outcomes. With discordance of results of the ER, PR, and HER2 status 

between primary and metastatic tissues, the Panel consensus was to use preferentially the 

receptor status of the metastasis to direct therapy if supported by the clinical scenario and 

the patient’s goals for care. However, simultaneous determination of HER2 in primary breast 
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cancer and metastatic lymph nodes or among multiple metastatic lesions, while very 

important, is not clinically practical, as multiple biopsies would be required. Non-invasive 

imaging methods, such as [89Zr]trastuzumab-PET/CT, appear to have the potential for 

determining the availability of HER2 for binding to trastuzumab-targeted therapy, thus, 

guiding individualized treatment by identifying patients most likely (or unlikely) to benefit 

from such treatment. [89Zr]trastuzumab-PET/CT has the potential to identify patients with 

HER2-negative disease, who may not be candidates for trastuzumab-based therapy, without 

the need for additional biopsies. These patients can be treated with alternative approaches, 

such as oral tyrosine kinase inhibitors rather than continuing ineffective trastuzumab-based 

therapy.
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Figure 1. 
Boxplots of the relationship of HER2 status and [89Zr]trastuzumab uptake, expressed as 

SUVmax
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Figure 2. 
Area under the ROC curve of SUVmax for all lesions (excluding hepatic lesions).
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Figure 3. 
Intrapatient heterogeneity of [89Zr]trastuzumab uptake in a 64-year-old woman with 

metastatic estrogen-receptor-positive/HER2-positive breast cancer. She had received 10 prior 

regimens for metastatic disease. Axial CT (left top, soft tissue window), axial fused 

[89Zr]trastuzumab-CT (left lower), axial CT (middle top, lung window), axial fused 

[89Zr]trastuzumab-CT (middle lower), and anterior reprojection MIP image (right) 

demonstrate increased [89Zr]trastuzumab uptake (white arrow) within the hepatic lesions 

without increased uptake (black arrow) within the pulmonary metastases. These images were 

obtained 7 days after injection of [89Zr]trastuzumab.
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Table 1

Patient Profile.

Total number of patients 50

 Median age 58 yr (range 29–74 yr)

 Caucasian 41

 African American 9

Disease Status

 Metastatic disease 32

 Locally advanced/chest wall recurrence 18

Receptor status

 HER2-positive 34

 HER2-negative 16

Prior systemic therapy

 None 6

 Prior therapy for metastatic disease 44
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Table 2

Summary of PET findings.

[89Zr]trastuzumab SUVmax

N Mean ± SD Median/IQR p

All Lesions 0.06

 HER2-positive 34 5.68 ± 2.64 5.78/[3.6, 7.3]

 HER2-negative 16 4.46 ± 3.44 3.1/[2.03, 5.65]

All Lesions Excluding Hepatic Lesions 0.003

 HER2-positive 33 5.4 ± 2.49 5.4/[3.3, 7.2]

 HER2-negative 13 2.96 ± 1.55 2.8/[1.8, 3.2]

Hepatic Lesions 0.42

 HER2-positive 6 10.03 ± 5.08 8/[6.4, 14.6]

 HER2-negative 6 8.02 ± 4.24 7.85/[4.6, 10.8]

Note: N = number of patients; SD = standard deviation; IQR = interquartile range [25th Percentile, 75th Percentile]; SUVmax = maximum 

standardized uptake value; p = p-value from Kruskal-wallis test.

Breast Cancer Res Treat. Author manuscript; available in PMC 2019 June 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Dehdashti et al. Page 16

Table 3

Relationship of HER2 status and [89Zr]trastuzumab-PET/CT results (per-patient basis) using SUVmax cutoff 

point of 3.2.

Type Proportion (95% Exact Binomial Confidence Interval)

Sensitivity 75.8% (57.7%, 88.9%)

Specificity 61.5% (31.6%, 86.1%)

Positive Predictive Value 83.3% (65.3%, 94.4%)

Negative Predictive Value 50.0% (24.7%, 75.3%)
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