
Table 1. Inter-pathologist Cohen’s kappa coefficient by HER2 scoring algorithm and 
tumor type 

Tumor type, Cohen’s kappa 
value (95% CI)

Gastric algorithm Breast algorithm

Pathologist 
A vs B

Pathologist 
A vs C

Pathologist 
B vs C

Pathologist 
A vs B

Pathologist 
A vs C

Pathologist 
B vs C

Biliary tract 0.60 (0.44, 0.75) 0.47 (0.33, 0.60) 0.52 (0.38, 0.65) 0.56 (0.41, 0.71) 0.65 (0.50, 0.79) 0.59 (0.43, 0.75)

Bladder 0.63 (0.50, 0.75) 0.57 (0.45, 0.69) 0.64 (0.53, 0.76) 0.43 (0.31, 0.55) 0.52 (0.40, 0.64) 0.60 (0.48, 0.72)

Cervical 0.65 (0.50, 0.81) 0.52 (0.38, 0.67) 0.64 (0.49, 0.79) 0.55 (0.40, 0.70) 0.56 (0.42, 0.70) 0.55 (0.39, 0.71)

Endometrial 0.64 (0.50, 0.78) 0.41 (0.26, 0.57) 0.49 (0.34, 0.63) 0.55 (0.40, 0.69) 0.59 (0.45, 0.73) 0.71 (0.58, 0.85)

NSCLC 0.54 (0.36, 0.71) 0.36 (0.21, 0.51) 0.46 (0.28, 0.64) 0.34 (0.15, 0.52) 0.27 (0.08, 0.46) 0.57 (0.40, 0.75)

Ovarian 0.66 (0.53, 0.80) 0.45 (0.32, 0.58) 0.56 (0.43, 0.68) 0.46 (0.32, 0.61) 0.52 (0.39, 0.65) 0.58 (0.44, 0.71)

Pancreatic 0.52 (0.30, 0.74) 0.53 (0.36, 0.71) 0.51 (0.30, 0.72) 0.64 (0.44, 0.84) 0.63 (0.45, 0.81) 0.57 (0.37, 0.76)

Salivary gland 0.44 (0.03, 0.85) 0 (0.0, 0.0) 0 (0.0, 0.0) 0.14 (−0.08, 0.37) 0.44 (0.03, 0.85) 0.64 (0.00, 1.00)

Other 0.63 (0.42, 0.83) 0.44 (0.26, 0.63) 0.42 (0.22, 0.62) 0.51 (0.31, 0.71) 0.48 (0.27, 0.69) 0.57 (0.37, 0.76)

Introduction
• HER2 expression is seen in a wide range of solid tumor types and is 

associated with a biologically aggressive phenotype and poor prognosis1–5 

• In April 2024, based on the results from the DESTINY-PanTumor02 (DP-02), 
DESTINY-Lung01, and DESTINY-CRC02 studies, T-DXd was granted 
accelerated approval in the US for adult patients with unresectable or 
metastatic HER2-positive (IHC 3+) solid tumors that have progressed after 
prior treatment and have no alternative therapies6–9

• Although HER2 expression was assessed according to the gastric-specific 
criteria in the studies contributing to T-DXd’s tumor-agnostic approval,7–9 there 
is currently no consensus on the best scoring practices for non-breast and 
non-gastric solid tumors  
− Studies evaluating T-DXd outside of breast cancer, including those 

contributing to the T-DXd tumor-agnostic approval, have utilized the 
ASCO/CAP gastric scoring guidelines7–11 

− Use of an appropriate scoring algorithm is essential for accurate and 
reliable patient identification to support clinical decision making12

• This observational analysis reports concordance between 3 HER2 IHC 
scoring algorithms across multiple solid tumor types

Methods
• This observational study utilized images of stained tissue across solid tumor types from the DP-02 

study (NCT04482309) and a commercial set
− Images from DP-02 were blinded to all study participants and rescored in this analysis

• HER2 expression status was assessed using different antibodies depending on tumor type
− HercepTest (DAKO Autostainer Polyclonal)-stained tissue was used to assess biliary tract, bladder, 

cervical, endometrial, ovarian, pancreatic, and other (including salivary gland) tumors from DP-02 and 
the commercial set 

− VENTANA HER2 4B5 (Roche)-stained tissue was used to assess non-small cell lung cancer (NSCLC) 
tumors from the commercial set

• Images were assessed in random sequence by 3 independent HER2 IHC-experienced non-academic 
pathologists and scored according to:*
− The ASCO/CAP gastric HER2 scoring algorithm (used in DP-027 and as the reference scoring 

algorithm in this analysis)11†

− The ASCO/CAP breast HER2 scoring algorithm13†

− The endometrial clinical trial HER2 scoring algorithm (endometrial tumors only)14,15

− There was a 2-week washout period between assessments; pathologists were blinded to 
previous scores

• Concordance was assessed according to positive percent agreement (PPA), negative percent 
agreement (NPA), and Cohen’s kappa coefficient 

• PPA is the percentage of images assigned a specific IHC status by the reference method in which the 
same status was assigned with the test method. NPA is the percentage of images not assigned a specific 
IHC status by the reference method in which the same status was not assigned with the test method
– To evaluate concordance of the HER2 scoring algorithms, the gastric scoring algorithm was 

assigned as the reference method
– To evaluate inter-pathologist concordance, 1 pathologist in each pair was arbitrarily assigned as 

the reference
• Cohen’s kappa coefficient was used to assess categorical agreement between 2 pathologists, 

accounting for the expected agreement by chance
• All analyses performed were exploratory

Primary outcome
• Concordance between HER2 scoring algorithms by tumor type and by pathologist 

• Concordance between pathologists by tumor type and by scoring algorithm 

Secondary outcome
*As per guidelines, no prespecified magnification was used to analyze images; †in situ hybridization testing is part of the ASCO/CAP guidelines 
and so was not carried out for equivocal samples
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*Other tumor cohort from DESTINY-PanTumor02, including adenocarcinoid tumor of the appendix, adenoid cystic carcinoma, salivary gland cancer, extramammary Paget disease, head and neck 
cancer, lip and/or oral cavity cancer, oropharyngeal neoplasm, intestinal adenocarcinoma, malignant neoplasm of unknown primary site, cutaneous melanoma, esophageal adenocarcinoma, 
esophageal squamous cell carcinoma, testis cancer, and vulval cancer.7 NSCLC, non-small cell lung cancer
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• Between the breast and gastric algorithms, PPA was greater when scoring IHC 3+ and IHC 0 compared with scoring IHC 2+ and IHC 1+ (Figure 2)
• Between the endometrial and gastric algorithms, PPA lacked consistency across pathologists for all HER2 expression levels (Figure 2)
• NPA was greatest when scoring IHC 3+ and IHC 2+ compared with scoring IHC 1+ and IHC 0 (Figure 3)
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Results and interpretation
• A total of 488 images were assessed. Numbers of images assessed per solid tumor type are presented in Figure 1 
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Figure 2. PPA between HER2 scoring algorithms by tumor type and pathologist 

Plain language summary
Why did we perform this research? 
Human epidermal growth factor receptor 2 (known as HER2) is a protein found at higher-than-normal levels on the cell surface
of various cancers.1 The level of HER2 can be used to help identify patients who may benefit from HER2-targeted treatment.2 
Trastuzumab deruxtecan (T-DXd) is a recommended treatment in the US for adults with solid tumors that have the highest level of 
HER2 (also known as immunohistochemistry [IHC] 3+) and who have received previous treatment(s) and have no other treatment 
options.3 There is no agreement on the best way to determine HER2 levels in tumors other than gastric and breast. This analysis 
compared 3 different methods for measuring HER2 levels (known as scoring algorithms) in different types of solid tumors.

How did we perform this research?
This study used images of tissue across different tumor types (biliary tract, bladder, cervical, endometrial, non-small cell lung 
cancer, ovarian, pancreatic, salivary gland, and other) from the DESTINY-PanTumor02 study and a commercially provided set. 
The tumor tissue had been stained to show HER2 protein levels. Three pathologists looked at the images and individually 
evaluated the HER2 levels (IHC 3+/2+/1+/0) using 1 algorithm usually used for breast cancer, 1 algorithm usually used for gastric 
cancer, and 1 algorithm used in the Fader et al clinical study evaluating endometrial cancer.4 The primary outcome of the study 
was to compare the results from the different scoring algorithms to see if they produced similar results. An additional outcome 
was to compare the results between pathologists to see if they scored the images in the same way.

What were the findings of this research? 
When results from the breast scoring algorithm were compared with the gastric scoring algorithm, agreement on the level of 
HER2 was higher for images identified as IHC 3+ and IHC 0, and lower for those identified as IHC 2+ and IHC 1+. Findings were 
similar for all tumor types. When results from the endometrial scoring algorithm were compared with the gastric scoring algorithm, 
agreement on the level of HER2 was low across all HER2 levels. When results from 1 pathologist were compared with
results from another, agreement was higher for images identified as IHC 3+ and IHC 0, and lower for images identified
as IHC 2+ and IHC 1+.

What are the implications of this research? 
This study shows that the gastric and breast scoring algorithms are similar in their identification of the highest level of HER2 (IHC 
3+). The gastric and endometrial scoring algorithms showed low agreement across all HER2 levels, including the highest level of 
HER2 (IHC 3+). The lack of agreement between the pathologists’ scores shows there is a need for more awareness on the best 
processes to follow when scoring HER2 levels in different types of solid tumors to make sure patients who may benefit from 
treatment with T-DXd are correctly identified.

Where can I access more information?
For information about DESTINY-PanTumor02, please visit https://clinicaltrials.gov/study/NCT04482309, or see primary
data published in the Journal of Clinical Oncology here. Please also reach out to Prof. Yang at yangwt2000@163.com.
M
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Figure 1. Number of images assessed per tumor type 
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Figure 3. NPA between HER2 scoring algorithms by tumor type and pathologist 

Bars show mean PPA value across the 3 pathologists’ scores, to be interpreted with caution due to small sample sizes; circles represent the scores of the individual pathologists. *PPA was 
determined as 100% where there were no cases identified as the IHC status by the breast or gastric scoring algorithm (this was the case for all 3 pathologists’ scores for salivary gland IHC 3+, 
and for 1 pathologist’s scores for each salivary gland IHC 2+ and 1+, biliary tract IHC 1+, and pancreatic IHC 1+). HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; 
NSCLC, non-small cell lung cancer; PPA, positive percent agreement
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Bars show mean NPA value across the 3 pathologists’ scores, to be interpreted with caution due to small sample sizes; circles represent the scores of the individual pathologists. *NPA was 
determined as 100% where all cases were identified as the IHC status by either the breast or gastric scoring algorithm (this was the case for 1 pathologist’s scores for salivary gland IHC 0). 
HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; NPA, negative percent agreement; NSCLC, non-small cell lung cancer 

• Across the HER2 expression levels, inter-pathologist PPA was greatest when scoring IHC 3+ and IHC 0 for all algorithms; substantial
inter-pathologist variability was observed across tumor types when scoring IHC 2+ and IHC 1+ for all algorithms (Figure 4) 

Figure 4. Inter-pathologist PPA per HER2 scoring algorithm

• Across tumor types, when images were scored according to the gastric and breast algorithms, the majority of inter-pathologist pairwise 
comparisons had Cohen’s kappa coefficient values of >0.4, indicating at least moderate agreement (Table 1)

• Using the endometrial algorithm, inter-pathologist pairwise comparisons for endometrial tumors had Cohen’s kappa coefficients (95% confidence 
interval) of 0.43 (0.28, 0.58), 0.17 (0.04, 0.29), and 0.33 (0.18, 0.48), indicating moderate, slight, and fair agreement, respectively16 

CI, confidence interval; HER2, human epidermal growth factor receptor 2; NSCLC, non-small cell lung cancer

Objective
• Describe concordance between 3 human epidermal growth factor receptor 2 (HER2) immunohistochemistry 

(IHC) scoring algorithms across multiple solid tumor types

Conclusions
• In this study, the American Society Clinical Oncology (ASCO) / College of American Pathology (CAP)

scoring algorithms for gastric and breast cancer were comparable in their identification of HER2 IHC 3+ 
− Lower concordance was observed when identifying IHC 2+ and IHC 1+ 

• Concordance between the gastric and endometrial algorithms was low across all HER2 expression levels, 
including IHC 3+

• The low concordance between 3 independent non-academic HER2 IHC-experienced pathologists highlights a 
real-world issue of inter-pathologist variability and emphasizes the need for greater awareness on best scoring 
practices and additional education across different tumor types to ensure reliable identification of patients likely 
to benefit from treatment with trastuzumab deruxtecan (T-DXd)
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Circles represent individual inter-pathologist pairwise PPA scores and may overlap owing to proximity of scores. There are 3 PPA scores per IHC status for the endometrial algorithm (3 pathologist 
pairings × 1 tumor type) and 27 PPA scores per IHC status for the gastric algorithm and breast algorithm (3 pathologist pairings × 9 tumor types). PPA result depends on which pathologist in each pair is 
arbitrarily assigned as the reference; therefore, figure should be interpreted with caution. HER2, human epidermal growth factor receptor 2; IHC, immunohistochemistry; PPA, positive percent agreement 

Study limitations
• The tissue staining assays used were not validated for use in the tumor types analyzed; further validation of the staining protocols would be 

required to ensure accurate comparison of assay performance 
• The sample numbers for each tumor type were relatively small and only 3 pathologists assessed images, both limiting interpretation of the findings
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