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Abstract

HER? testing in metastatic gastric or gastroesophageal junction cancer (nGC/mGEJC) is standard practice. Variations in HER2-
positivity rates suggest factors affecting test quality; however, the influence of patient-, tumor-, and laboratory-related factors on
HER2-positivity rates remains unknown. This observational, prospective study collected routine HER2 testing data from 50
pathology centers in Germany (January 2013—-December 2015). For each sample, HER2 status, primary tumor location, method
of sample retrieval, and other patient- and tumor-related parameters were recorded. A model for predicting the probability of
HER2-positivity was developed using stepwise multiple logistic regression to identify influencing factors. Documented positiv-
ity rates and corresponding predicted HER2-positivity probabilities were compared to identify institutes with deviations in
HER2-positivity. Data from 2761 mGC/mGEJC routine diagnostic specimens included 2033 with HER2 test results (1554
mGC, 479 mGEJC); overall HER2-positivity rates across centers were 19.8% and 30.5%, respectively. HER2-positivity corre-
lated most with Lauren classification, then HER2 testing rate, primary tumor location, sample type, and testing method (all
p<0.05). Three institutes had model-predicted HER2-positivity rates outside the 95% confidence interval of their documented
rate, which could not be explained by sample and center characteristics. Results demonstrated the high quality of routine HER2
testing in the mGC/mGEJC cohort analyzed. This is the first study investigating parameters impacting on HER2-positivity rates
in mGC/mGEJC in routine practice and suggests that assessment of HER2 testing quality should consider primary tumor
location, testing method and rate, and tumor characteristics. Accurate identification of patients with HER2-positive mGC/
mGEJC is essential for appropriate use of HER2-targeted therapies.

The investigators in the NIU HER2 study group are listed in Online
Resource 1.
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Introduction

Approximately 6-32% of all metastatic gastric or gastro-
esophageal junction adenocarcinomas (mGC/mGEJC)
overexpress human epidermal growth factor receptor 2
(HER2) protein or have HER2 gene amplification [1-4].
HER?2 is a prognostic biomarker predictive for response to
targeted therapies, including the recombinant monoclonal
antibody trastuzumab, in various cancer types [I, 2,
5-10]. The results of the “Trastuzumab for Gastric
Cancer (ToGA)” trial showed that addition of trastuzumab
to chemotherapy improved survival in patients with ad-
vanced GC/GEJC vs chemotherapy alone, especially for
patients with high HER2 expression (median overall sur-
vival 16.0 vs 11.8 months, respectively) [2]. Based on
these findings, trastuzumab plus chemotherapy is consid-
ered the standard of care for first-line treatment of HER2-
positive mGC/mGEJC [11].

Selection of patients with HER2-overexpression is an
essential prerequisite for HER2-targeted therapy. Wide
variation in HER2-positivity rates presents a challenge
for selecting effective treatment for patients with mGC/
mGEJC in the first-line setting [3, 4, 12—18]. Despite clear
guidelines and > 10 years of routine HER2 testing in dif-
ferent cancer types [2, 4, 12—14], there is still variability in
HER2-positivity assessments between laboratories or test-
ing centers [1, 12, 17, 19].

Variation in HER2-positivity between testing sites could be
due to testing quality [12, 19-21] and thus evaluating HER2-
positivity rates may be useful in quality assessment [13,
19-21]. Potential variables that might further influence
HER2-positivity rates have not been investigated systemati-
cally, due to lack of appropriate data.

The main objectives of the study were: (1) to identify
patient- or tumor-related characteristics that are associated
with the probability of HER2-positivity; (2) to develop a
statistical model to predict HER2-positivity for individual
patients and centers; (3) to compare the documented
HER2-positivity rates of centers with those predicted
from the statistical model; and (4) to identify centers for
which the documented rate deviated significantly from the
predicted rate.

In the present study, a representative investigation of
routine HER2 testing of mGC/mGEJC in Germany, we
identified patient-, tumor-, and laboratory-related charac-
teristics that influenced HER2-positivity rates. Overall, a
high testing performance was noted, with deviations
from the expected positivity rates explainable by sample
and center characteristics.
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Materials and methods
Study design

This was a prospective, observational study of HER2 testing
performed in Germany between 2013 and 2015. Data were
collected by pathologists at 50 institutes of pathology (centers),
and documented data from up to 250 consecutive mGC/
mGEJC cases were provided by each center via an electronic
case report form. HER?2 testing of tumor samples from patients
with histologically confirmed mGC/mGEJC with known
TNM classification was part of routine diagnostic practice.
The following information was provided for each sample:
HER?2 test result (positive or negative), patient age, tumor-
related characteristics (localization of carcinoma, Lauren clas-
sification, TNM, sample origin [primary tumor site or metasta-
tic lesion]), method of sample retrieval (biopsy, resection, or
unknown), overall number of biopsies, and first method of
determining HER2 status (immunohistochemistry [IHC] or in
situ hybridization [ISH]). The following laboratory-related
characteristics were recorded: type of institution (university,
private practice, or other), commercial kit, manufacturer of
the antibody, and regular participation in round-robin tests.
Information on fixative, test platforms, and scoring algorithms
was also recorded, although it was not mandatory to do so.
Neither test results obtained before the start of the study nor
retrospective documentation were included. All patient infor-
mation and test results were anonymized.

HER2-positivity was defined as IHC 3+, or IHC 2+ and
ISH-positive. HER2-positivity rate was estimated across all
centers, evaluated at individual centers, and assessed for var-
iability between centers. Patient-, tumor-, and laboratory-
related characteristics and their association with HER2-
positivity were assessed, and a statistical model of their influ-
ence on HER2-positivity was developed.

This study was conducted in accordance with the guide-
lines for Good Clinical Practice and the Declaration of
Helsinki. The study was approved by the local ethical com-
mittee of the principal investigator and was available for sub-
mission to the local ethical committees of the participating
centers.

Statistical methods

Data were analyzed descriptively with standard summary sta-
tistics, including absolute and relative frequencies of HER2-
positivity, 95% Wilson score-based confidence intervals (Cls),
and graphical methods. Chi-square tests were used to examine
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the associations of individual variables with HER2-positivity.
Multiple logistic regression (MLR) was used to determine and
model the combined influence of key variables on the proba-
bility of HER2-positivity. A variable was considered a candi-
date for inclusion in the modeling if p <0.2 in its bivariate
association with HER2-positivity or if it was a covariate in
the corresponding breast cancer (BC) study model [22]. All
candidates were included into a stepwise MLR procedure
using a mixed forward inclusion and backward elimination
strategy. The model with the lowest small-sample-size
corrected Akaike information criterion (AICc) value was con-
sidered as the primary model from the statistical perspective.

Influential covariates in the model were ranked by size of
p values and by their relative contribution to the variability of
HER2-positivity predicted by the model. The receiver operat-
ing characteristic (ROC) area under the curve (AUC) was used
to assess the prognostic strength of the model. Sensitivity and
specificity were determined at the optimal cut-point of the
experimental ROC curve.

Prediction profiles were used to visualize the influence of
each individual covariate on the probability of HER2-positiv-
ity, standardized across the levels of all other covariates in the
statistical model.

The generated statistical model was used to predict the
probability of HER2-positivity for each individual sample
and for the centers. Deviations from these model-predicted
probabilities of positivity for centers were considered unex-
plained center effects and were assessed descriptively by com-
paring the model-predicted probabilities with documented
HER2-positivity rates of centers, including their 95% Cls,
and with the overall HER2-positivity rate. For the analysis
of center effects, centers with fewer than 10 test results were
pooled into one center, termed “Center 99.” A sensitivity
analysis was conducted excluding 21 samples with minor is-
sues in the documentation of the HER2 status.

Statistical analyses were performed using SAS® JMP® ver-
sion 12.2.0 or higher (SAS Institute Inc., NC, USA).

Results
Patient- and tumor-related characteristics

Data were collected from 2761 mGC/mGEJC samples
(January 2013—December 2015); HER2 status was available
for 2077 samples. Since the study focused on pathology sam-
ples and not on patients, patient information is limited (e.g.,
samples were obtained from an unknown number of patients).
The primary analysis set included 2033 mGC/mGEJC sam-
ples, with exclusions explained in Fig. 1. Overall, 22.3% with
CI (20.5%, 24.1%) of cases were HER2-positive, including
19.8% of mGC and 30.5% of mGEJC cases. HER2-positivity
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Sample documentation
Jan 2013-Dec 2015
N = 2761
(2117 mGC, 644 mGEJC)
Excluded
HER2 status not determined
n =684

(532 mGC, 152 mGEJC)

Samples with HER2
status determined
n=2077
(1585 mGC, 492 mGEJC)
Excluded

HER?2 status not evaluable or

contradictory results for

IHC and/or ISH
n=44
(31 mGC, 13 mGEJC)

Primary analysis set
n=2033
(1554 mGC, 479 mGEJC)

Excluded samples?
n=21

Sensitivity analysis set
n=2012

Fig. 1 Flow diagram of main analyses. “Documented HER2 status not
fully supported by IHC and/or ISH results. Additional sensitivity analyses
were conducted and are reported in Online Resource 2. HER2 human
epidermal growth factor receptor 2, /HC immunohistochemistry, /SH in
situ hybridization, mGC metastatic gastric adenocarcinoma, mGEJC met-
astatic gastroesophageal junction adenocarcinoma

rates were highest in patients aged <39 years, or where ISH
was the first method of determining HER2 status (Fig. 2).
Rates were lower for patients with diffuse mGC/mGEJC com-
pared with other Lauren classifications, and relative HER2-
positivity rates were consistent for mGC and mGEJC between
biopsy and resection samples (Fig. 2).

The statistical influence of independent variables
on HER2-positivity

In the MLR model, the influence of patient-, tumor-, and
laboratory-related variables on HER2-positivity was ana-
lyzed. Five of these covariates (Lauren classification, HER2
testing rate per year, localization of carcinoma, method of
sample retrieval [biopsy or resection], and first method of
determining HER?2 status) had a statistically significant influ-
ence on HER2-positivity (Table 1). The ranking of covariate
importance was the same for all three measures used (p value,
main effect, and total effect).
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The ROC AUC of this five-parameter model was 0.66
(Supplementary Fig. S1; Online Resource 2). At the optimal

cut-point of 0.26, the sensitivity of model-based prediction was
0.60 and the specificity was 0.66; the Youden Index was 0.26.
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Fig. 2 Rates of HER2-positivity with 95% confidence intervals by indi-
vidual covariates. The overall rates of HER2-positivity are shown accord-
ing to a localization of carcinoma®, b Lauren classiﬁcationb, ¢ method of
sample retrieval (biopsy or resection)®, d first method of determining
HER2 status®, and e age group®. *Likelihood ratio Chi-square test for
comparison of rates of HER2-positivity; p < 0.0001. °Likelihood ratio
Chi-square test for HER2-positivity across both localizations of
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carcinoma; p<0.0001. “Likelihood ratio Chi-square test for HER2-
positivity across both localizations of carcinoma; p =0.0130.
9ILikelihood ratio Chi-square test for HER2-positivity across both locali-
zations of carcinoma; p = 0.4329. HER2 human epidermal growth factor
receptor 2, mGC metastatic gastric adenocarcinoma, mGEJC metastatic
gastroesophageal junction adenocarcinoma



Virchows Arch (2019) 474:551-560

555

Table 1

Likelihood ratio Chi-square test results of covariates and their relative importance in predicting HER2-positivity

Variable

Likelihood ratio Chi-square test of effect of independent
variables on HER2-positivity (p value®)

Covariate importance in predicting
HER2-positivity

Main effect” Total effect”
Lauren classification <0.0001 0.48 0.548
HER?2 testing rate for mGC/mGEJC 0.0001 0.138 0.197
Localization of carcinoma 0.0002 0.107 0.163
Method of sample retrieval 0.0284 0.049 0.087
First method of determining HER?2 status 0.0593 0.021 0.041

HER?2 human epidermal growth factor receptor 2, mGC metastatic gastric adenocarcinoma, mGEJC metastatic gastroesophageal junction

adenocarcinoma

# The main effect indicates the relative contribution by a factor of itself. The total effect indicates the relative contribution of a factor both by itself and in

combination with other factors

® Adjusted for the influence of all other independent variables

Initially, gender appeared to have a statistically significant
influence on HER2-positivity (p = 0.0069), with a higher rate of
HER2-positivity in male vs female patients (24.3% vs 18.4%).
However, after adjustment for other covariates, particularly car-
cinoma type, the influence of gender was no longer statistically
significant (p = 0.43). Further analysis demonstrated that signif-
icantly fewer female patients had mGEJC, which explained the
apparent initial association of gender with HER2-positivity.
Therefore, gender was not included in the final model.

“Age” was omitted from the final model because, in con-
trast to the preceding BC study, it did not show a statistical
trend in the bivariate analysis (p =0.43). Origin of sample
(metastatic or primary tumor), TNM stage, and signet ring cell
carcinoma did not show a significant impact in the stepwise
MLR procedure, potentially partly due to high percentages of
missing values.

In an additional statistical analysis on center level, cut-
off value and manufacturer had statistically significant in-
fluence (p <0.05), but their influence was strongly deter-
mined by a few outlying centers with unknown values for
these variables; therefore, they were not further considered.
The following parameters did not show an influence on
center level: type of institution (university, private practice,
or other), fixation method, commercial kit, antibody man-
ufacturer, number of tumor-carrying documented samples,
or regular participation in round-robin tests. The sensitivity
analysis confirmed the results of the main statistical MLR
model analysis showing that five tumor-, patient-, and
laboratory-related covariates had a statistically significant
influence on HER2-positivity (Supplementary Table S1;
Online Resource 2).

Prediction profile for HER2-positivity

The magnitude of change in the prediction profile trace
allowed visualization of the relative importance of covariates

in predicting the probability of HER2-positivity; the variabil-
ity of each parameter was adjusted for the influence of all
others at the level of the vertical dotted lines (Fig. 3). For a
sample patient (Lauren classification: intestinal; HER2 testing
rate: 60%; localization of carcinoma: gastric; method of sam-
ple retrieval: biopsy; first method of determining HER2 status:
IHC), the model predicted the probability of HER2-positivity
as 28.9%. Since the formula of the MLR model looks rather
complex, a comprehensive set of 240 combinations of covar-
iate factor levels and their predicted positivity probabilities is
provided for illustration purposes in Supplementary Table S2
(Online Resource 2). For practical use, the application of such
a table should be facilitated by an appropriate software tool.

Assessment of HER2-positivity by number of biopsies

In an additional analysis of biopsies, the probability of HER2-
positivity did not significantly increase with the number of
biopsy samples taken from each patient, p = 0.27 (Table S3).
For a sample patient (localization of carcinoma: stomach;
number of biopsies 8), the model predicted the probability of
HER2-positivity as 27.2% (Fig. 3b); the result for the number
of biopsies was adjusted for the influence of the other three
variables as indicated by the vertical dotted lines.

Assessment of center effects

HER2-positivity probability was predicted for every center in
the study based on the relevant patient-, tumor-, and
laboratory-related characteristics of its samples (Fig. 4).
These covariate-predicted HER2-positivity probabilities were
sorted in ascending order and plotted together with document-
ed HER2-positivity rates of centers and their 95% Cls. The
predicted HER2-positivity probabilities for centers reflected
the distribution of Lauren classification, HER2 testing rate,
localization of carcinoma, method of sample retrieval, and
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<« Fig. 3 Prediction profiles for the probability of HER2-positivity.
a Prediction profile for each covariate and predicted probability of
HER2-positivity for a combination of selected levels. The relative
importance of individual covariates after adjustment in predicting
HER2-positivity is demonstrated by the magnitude of change
shown in the compartments by the prediction profiler traces.
The dependence of HER2-positivity from the levels of one covar-
iate were standardized at a certain level of all other covariates as
indicated by the vertical dotted lines (Lauren classification: intestinal;
HER?2 testing rate: 60%; localization of carcinoma: gastric; method of
sample retrieval: biopsy; first method of determining HER2 status:
IHC). The predicted mean positivity probability for this combination of
levels was 28.9% (horizontal dotted line; 95% CI). b Prediction profile in
a submodel for biopsy samples including the number of biopsies used.
Patient example: localization of carcinoma: gastric; number of biopsies:
8; Lauren classification: intestinal; first method of determining HER2
status: IHC. The predicted mean positivity probability for this combina-
tion of levels was 27.9% (horizontal dashed line; 95% CI). CI confidence
interval, GEJ gastroesophageal junction adenocarcinoma, AER2 human
epidermal growth factor receptor 2, /HC immunohistochemistry, /SH in
situ hybridization, mGC metastatic gastric adenocarcinoma, mGEJC met-
astatic gastroesophageal junction adenocarcinoma

first method of determining HER?2 status across centers. The
overall predicted HER2-positivity probability across all cen-
ters was 22.28% and thus the same as the overall documented
positivity rate.

Center
N
N

e

T T T T T T T

10 20 30 40 50 60 70
HER2-positivity rate (%)

Fig. 4 Documented and model-predicted HER2-positivity. The forest
plot for the extended model shows the predicted positivity probabilities
(]) for all centers that contributed at least 10 samples; Center 99 pools the
samples of all centers with fewer than 10 samples. Centers were sorted by
increasing model-predicted positivity probabilities. Dots indicate the pos-
itivity rates as documented by the centers, together with their 95% Cls.
The solid vertical line indicates the overall mean positivity rate of 22.3%.
CI confidence interval, HER2 human epidermal growth factor receptor 2

For most centers, the 95% CI of the documented positivity
rate included the model-predicted positivity probabilities. For
centers 2, 19, and 65, the lower limits of the 95% CI of the
documented positivity rates were higher than their predicted
positivity probabilities, indicating a statistically significant
center effect, which cannot be explained by their sample and
patient characteristics, unless these are adjusted for multiplic-
ity; no statistically significant center effect was found when
adjustment for multiplicity by Bonferroni-Holm correction
was applied. The relatively wide Cls in Fig. 4, especially for
centers with low numbers of patients, present the limitations
of discovering center effects based on this approach.

Exclusion of the samples from centers 2, 9, and 65 resulted
in only a slight decrease in the overall HER2-positivity rate
from 22.3% to 21.3% for the remaining 1923 samples, includ-
ing a HER2-positivity rate of 18.5% for mGC and 30.2% for
mGEIJC cases.

There were four more centers (31, 35, 54, and 68) for which
the 95% CI of their documented rate included the model-
predicted positivity probability but did not include the overall
mean positivity rate of 22.3%; these are not considered as
significant center effects because their deviation from the
overall mean positivity rate can be explained by their sample
and patient characteristics.

Discussion

Accurate HER? testing is critical to limit false-positive/-neg-
ative results and to select patients who might benefit from
HER2-targeted treatments. Proficiency testing, along with re-
cording and monitoring HER2-positivity rates by pathology
institutes as a means of quality control, has been beneficial in
identifying centers that may have testing quality issues for BC
[12, 23]. However, monitoring HER2 testing accuracy by
HER2-positivity rate alone does not account for patient- or
tumor-related factors that may influence overall HER2-posi-
tivity. Thus, this study aimed to identify patient- or tumor-
related characteristics that influence HER2-positivity rate in
mGC/mGEJC samples as determined by routine practice and
develop a statistical model to predict the probability of HER2-
positivity. As a real-world study, rather than ensuring that all
centers used the same optimized techniques, our investigation
was also intended to examine how differences in techniques
between the centers affected HER2-positivity rates.

The moderately sized dataset allowed us to identify factors
that affect HER2 testing results, and this is the first study to
test for—and report—the combined influence of multiple pa-
rameters on HER2-positivity probabilities in the routine diag-
nosis of mGC/mGEJC.

The influence of tumor location and Lauren classification
on HER2-positivity is well established, with GEJC tumors
and diffuse tumors having higher and lower HER2-positivity,
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respectively [3, 4]. The other covariates identified as having a
statistically significant influence on HER2-positivity in this
study were somewhat unexpected. The higher HER2-
positivity rate in biopsies might be explained by different
scoring criteria used for biopsies and resections. Differences
in fixation time—known from BC biopsies—might contribute
to this difference. In addition, Tominaga et al. [24] could show
that tumor surface and borders, which are usually biopsied,
more often exhibit an intestinal differentiation (commonly
HER2-positive) compared to the center/invasive front of
mGC (more often HER2-negative).

In contrast to BC, a reasonable number of IHC 0/1+, ISH-
positive cases can be found in mGC/mGEJC [3]. Results
from ToGA showed higher HER2-positivity when primary
HER2 testing was determined by ISH (23.1%) compared
with THC then ISH (17.8%), due to the proportion of patients
with low level amplification but equivocal protein overex-
pression [3]. Thus, higher overall HER2-positivity rates are
observed when the rate of HER2 testing by ISH is higher.
This explains why the highest HER2-positivity rate in our
trial was reported by the center where ISH was performed
first; overall HER2-positivity was 33.7% when HER2 testing
was by ISH first and 21.8% when using IHC first, although
the number of samples tested using ISH first in this trial was
limited. These results indicate a higher risk of obtaining false-
negative results if HER2 testing is performed by IHC first.
However, ToGA data show that the best responses were ob-
served in patients with significant HER2 protein expression
in addition to being ISH-positive, which is the main reason
that the CAP-ASCP-ASCO guidelines clearly recommend
IHC to be performed first [4].

The higher HER2-positivity rate in high-volume centers
might be due to a higher number of biopsies tested (see above)
and putatively more experience in HER2 testing; however, no
clear explanation for this correlation can be found in the
literature.

Of the laboratory parameters tested, HER2-testing rate and
first method of determining HER2-positivity were found to
have the strongest influences on HER2-positivity rate and were
included in the model. Additional laboratory parameters
showed a statistically significant influence (e.g., the cutoff val-
ue for HER2-positivity), but these were not thought to be rel-
evant. Although it would be interesting to understand whether
variation between laboratories would decrease if they all used
the same optimized techniques, this is outside the scope of our
study as a retrospective analysis of real-world data.

In our study, the initial observed gender effect on HER2-
positivity was attributed to the higher proportion of male pa-
tients with mGEJC. The increased incidence of GEJC in male
patients is in line with previous observations of the overall
population [25] and may be due to the increased occurrence
of'pathologic diseases associated with gastroesophageal reflux
in men vs women [26].
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The use of these covariates in a statistical model allowed
prediction of HER2-positivity probabilities for each center and
their comparison with documented rates. One possible expla-
nation for the statistically significant deviation of three centers
from the predicted positivity rates could be selection bias as no
precise instructions for consecutive sampling were provided in
this study. The performance characteristics of the model might
be improved in a future study by more complete collection of
covariate data, especially regarding Lauren classification.

Our findings are consistent with the equivalent BC study,
which found that covariates must be taken into account in
order to properly assess variations in HER2-positivity and
evaluate HER2 testing quality [22], especially when the co-
variate levels of a center deviated from those expected.
Assessments of positivity rates of centers or studies without
adjustment for covariates cannot be considered as appropriate.

The overall mean HER2-positivity rate in this study is sim-
ilar to that observed in ToGA (22.1%) [3] and falls within the
HER2-positivity range of 6-32% reported in other studies of
mGC/mGEJC [1, 2, 4]. Therefore, our study is in agreement
with published data and is likely to be representative of
HER2-positivity rates in German pathology centers.

For most covariates, the proportion of data classified as
“missing” or “not evaluable” was relatively low (< 5%), except
for Lauren classification (31.5%). The ROC AUC of the prima-
ry statistical model and the sensitivity and specificity at the
optimal cut-point were considered as acceptable performance
measures, since the current focus was more on explanation of
variation than on prediction. The study is also limited as con-
secutive sampling was not mandatory. This study was conduct-
ed using similar standards to the larger BC study, in which the
centers were retrospectively questioned regarding their docu-
mentation of samples; from 48 centers, 32 indicated consecutive
sampling, 2 indicated selected sampling, and 14 did not provide
an answer. There was no statistically significant tendency to-
ward higher deviations of reported positivity from model-
predicted positivity in centers which did not provide feedback.
Yet consecutive sampling should be implemented in future stud-
ies. Sensitivity analyses were conducted that excluded 21 sam-
ples with slightly contradictory data in measurements of HER2
status, and the statistical models were confirmed by these sen-
sitivity analyses. Indeed, the borderline p value of the covariate
“first method of determining HER2 status” was calculated as
p=0.0394 in the sensitivity analysis and thus further supported
the inclusion of the parameter in the model.

Despite these limitations, the data collected for this study
provide a valuable, real-world view of HER?2 testing. Based on
data collected from 50 centers during routine practice, and not
as part of a patient-selective clinical study, we developed a
statistical model that predicts HER2-positivity of a sample
based on the evaluation of five covariates. Given the heteroge-
neity of HER2 staining in mGC/mGEJC and the range of pub-
lished HER2-positivity rates, this model provides participating
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centers with the opportunity to assess their overall HER2 test-
ing performance by determining the deviation of their HER2-
positivity rate from the probability of positivity predicted for
their samples by the model. Yet further steps will need to be
taken before applying this model into clinical practice. Firstly,
data from another study are required to validate the statistical
model independently. Subsequently, implementation of such a
model as a user-friendly software application may be helpful
for centers to assess their HER2 testing performance in the
future (Online Resource 2). To allow centers to incorporate this
model into quality control in the future, a set of samples (pref-
erably consecutive) should be collected and the HER2-testing
result, including 95% Cls, and other patient characteristics
outlined in the model, should be determined. The model for-
mula can then be used to predict the probability of HER2-
positivity for both the individual samples and for the center
for comparison with the HER2-testing result. HER2-testing
results can also be compared with the centers included in this
study and the overall HER2-positivity rate of 22.3%.

Centers that deviated from the expected HER2-positivity
testing rate in this study should attempt to identify and, if
necessary, control the cause of variability to improve HER2
testing. Centers should follow published HER2 testing guide-
lines for mGC/mGEJC and establish appropriate quality con-
trol procedures to reduce variation at all stages of the testing
and reporting process [4]. Participation in a formal proficiency
testing program is also advised [4].

In conclusion, this is the first time that a statistical modeling
approach has been used to assess and explain variability in
HER2-positivity rates in mGC/mGEJC. Our model is based
on data collected during routine practice and provides a pre-
dicted HER2-positivity probability for any combination of
patient- or tumor-related characteristics included as covariates
in the model. The model could also be used to identify partic-
ipating centers that deviated from the expected HER2-
positivity rate. As therapy options for HER2-positive mGC/
mGEJC continue to evolve, the ability to reliably identify
patients likely to respond to a given therapy is essential.
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