
 1 

Supplementary Online Content 

Supplementary Methods 1: Genomic and immunostaining evaluation 

Supplementary Methods 2: Whole transcriptome sequencing  

Supplementary Results 1: Next generation sequencing results  

Supplementary Results 2: Immunohistochemistry results  

Supplementary Fig. S1. Study CONSORT Flow Diagram 

Supplementary Fig. S2. Most frequently mutated genes in participants with genomic sequencing 

Supplementary Fig. S3. Single gene mutation and copy number alterations by clinical benefit 

Supplementary Fig. S4. Kaplan-Meier curves for progression-free (PFS) and overall survival (OS) by 

TP53 alterations 

Supplementary Fig. S5. Kaplan-Meier curves for PFS and OS by BRCA1/2 and DNA repair alterations 

Supplementary Fig. S6. Kaplan-Meier curves for PFS and OS by E2F and G2M pathway mutations 

Supplementary Fig. S7. Volcano plot for expression of genes previously associated with WEE1 

Inhibitor response in monotherapy cisplatin tumor biopsies by clinical benefit 

Supplementary Fig. S8. Volcano plots for expression of allograft rejection pathway genes by clinical 

benefit 

Supplementary Fig. S9. Box plots for tumor infiltrating lymphocytes (TILs) by RNA-seq in tumor 

biopsies from patients with versus without clinical benefit 

Supplementary Fig. S10. Box plots for resting memory CD4+ T cells by RNA-seq in tumor biopsies 

from patients with versus without clinical benefit 

Supplementary Fig. S11. Box plots for anti-tumor M1 macrophages by RNA-seq in tumor biopsies 

from patients with versus without clinical benefit 

Supplementary Fig. S12. Box plots for stromal tumor infiltrating lymphocytes (TILs) by hematoxylin 

and eosin (H&E) staining in tumor biopsies from patients with versus without clinical benefit 

Supplementary Fig. S13. Immunohistochemistry (IHC) staining 



 2 

Supplementary Fig. S14. Multiplex cyclic immunofluorescence (CyCIF) analysis 

Supplementary Table S1. Immunohistochemistry (IHC) data stratified by biopsy timepoint and clinical 

benefit 

Supplementary Table S2. Cyclic immunofluorescence (CyCIF) antibody information 

Supplementary Table S3. CyCIF Mean Percentages of Positive Single Cells (See excel file) 

Supplementary References  



 3 

Supplementary Methods 1: Genomic and Immunostaining Evaluation 

 Genomic profiling was performed on 30 enrolled patients (81%) using our in-house next 

generation sequencing panel, OncoPanel. OncoPanel is run in a Clinical Laboratory Improvement 

Amendments-certified laboratory environment and uses targeted exome sequencing to detect somatic 

alterations, copy number variations, and structural variants across the full coding regions and selected 

intronic regions of a predefined subset of cancer-related genes using tumor-derived DNA.1, 2 The 

majority of patients with OncoPanel (93%) underwent testing with version 3 or 3.1, both of which 

target the full coding regions of 447 genes plus selected regions of 60 genes, totaling 1.3 megabase 

(Mb) of exome.2 OncoPanel was performed on archival tumor samples: 60% from metastatic tumors, 

23% from archival primary tumors, and 17% unspecified.  

 Whole-transcriptome sequencing (RNA-seq) was performed on tissue samples from 26 treated 

patients (76%). These tissue samples consisted of paired site-matched biopsies on cisplatin 

monotherapy and adavosertib cisplatin combination therapy from 20 patients and single biopsies on 

cisplatin monotherapy from 6 patients. Sequencing results were aligned using STAR and then 

quantified with RSEM to yield gene-level expression in transcripts per million (TPM).3, 4 Samples 

were clustered across quality-control metrics using principal-component analysis, and outlier samples 

were manually evaluated and discarded. One sample from a paired biopsy patient on monotherapy was 

removed owing to an abnormally low absolute number of reads < 1 million, leaving 19 paired biopsy 

samples, 6 monotherapy samples and 1 combination therapy sample.   

 Immunostaining studies included immunohistochemistry (IHC) and highly multiplexed 

immunofluorescence imaging. Stromal tumor infiltrating lymphocytes (TILs) were identified on 

hematoxylin and eosin (H&E)-stained tumor sections using the International Immuno-Oncology 

Biomarker Working Group criteria.5 IHC for the cell cycle and DNA damage markers phospho-histone 

H3 (pHH3), geminin, RAD51, and gamma-H2AX was performed on formalin-fixed, paraffin-

embedded tissue samples from 8 paired archival or monotherapy and combination therapy biopsies and 
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then correlated with response. For the IHC studies, pHH3 staining was performed on the Leica BOND 

automated instrument using the rabbit polyclonal pS10-HH3 antibody (Santa Cruz Biotechnology, Sc-

8656). A cohort specific cut off of 1% was used to dichotomize the samples into negative and positive. 

Parameters for scoring homologous recombination (HR) status based on the RAD51-assay 

were developed using a cohort of 14 highly characterized ovarian cancer PDX models.6 A custom 

formulated anti-RAD51 antibody was used for staining.6 A tumor sample was RAD51-foci positive 

(HR proficient) when cells with >3 RAD51 nuclear foci were present in >4 40X fields.  If this criterion 

was not met and >3% of the tumor cells were geminin positive, the sample was RAD51-foci negative 

(HR deficient), whereas if < 3% of the tumor cells in the sample were geminin positive, the HR status 

of the sample was indeterminate. This cut-off was validated in a cohort of archival ovarian cancer 

samples as previously described.7 

The IHC γ-H2AX assay used here was optimized to detect DNA damage in archival/pre-

treatment samples. FFPE sections of irradiated (positive control) and un-irradiated (calibrator) breast 

cancer cell lines and human skin biopsies were used to develop the assay. A cut-off of > 2% positivity 

(>5 foci/cell) was set as the threshold for assigning positivity. Lower than 2% positivity was deemed 

low positive, and samples with no positive cells were designated negative. The monoclonal anti-

phospho-serine 139-H2A.X antibody (clone JBW301) was used to develop the assay. The goal of 

analyzing this marker in this cohort was to understand the relationship between the level of basal DNA 

damage, based on γ-H2AX signal (negative, low, or high), and response to the combination of cisplatin 

and adavosertib.   

Highly multiplexed tissue immunofluorescence imaging was accomplished with cyclic 

immunofluorescence (CyCIF), a novel method for imaging formalin fixed, paraffin embedded tissue 

sections at subcellular resolution across 20-60 distinct antigen channels.8-10 Altogether, 6 paired site-

matched pre- and post-WEE1 inhibitor biopsies passed quality control checks and were included in the 
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final analysis. CyCIF (https://www.cycif.org/) was performed as previously described.10 For this study, 

an antibody panel for CyCIF was designed to identify several tumor, stromal, and immune cell 

phenotypes and to distinguish WEE1 inhibitor-induced changes in cell cycle phases and tumor cell 

states between the two paired biopsies. The biopsies were stained with in-house validated antibodies 

(eTable 2) and scanned with RareCyte CyteFinder (Seattle, WA), configured with a 20 x 0.8 NA 

objective.   

After CyCIF image acquisition, the raw imaging tiles were corrected with BaSiC11 and stitched 

and aligned with ASHLAR (https://github.com/labsyspharm/ashlar).12 The cell segmentation was 

performed using ilastik13 and Matlab (version R2019b, The MathWorks, Inc., Natick, MA), and all 

single-cell analyses were done with Matlab. For the quantitative analyses, all channels in each sample 

were individually gated to identify the optimal threshold for the mean marker fluorescence intensity to 

call out cell positivity. Tumor cells were defined as pan-cytokeratin positive (panCK)+, T cells as 

panCK-negative and CD3+ and either CD4+ or CD8+, and myeloid cells as panCK-negative and 

aSMA-negative and either CD68+, CD163+ or CD14+. The code repository of ongoing improvements 

for Ashlar exists at https://github.com/labsyspharm/ashlar, and that for segmentation and analysis 

exists at https://github.com/sorgerlab/cycif. The static copy of the analysis version used for CyCIF 

image processing and single-cell feature extraction is at https://github.com/labsyspharm/mcmicro-old. 

Further antibody information and validation studies can be found at CyCIF.org. Access to the full size 

and resolution multiplex CyCIF images is available at https://www.cycif.org/data/keenan-2020/.  

https://www.cycif.org/
https://github.com/labsyspharm/ashlar
https://github.com/labsyspharm/ashlar
https://github.com/sorgerlab/cycif
https://github.com/labsyspharm/mcmicro-old
https://www.cycif.org/data/keenan-2020/
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Supplementary Methods 2: Whole Transcriptome Sequencing 

DNA/RNA Co-Extraction Methods 

Tissue biopsy samples were fresh frozen and embedded in optimal cutting temperature 

compound (OCT). DNA and RNA were extracted simultaneously from a single frozen tissue or cell 

pellet sample using Qiagen’s AllPrep DNA/RNA kit. Tissues and cells were first lysed and 

homogenized in a highly denaturing buffer, which destroyed DNases and RNases present in the sample 

to allow for simultaneous purification. The lysate was passed through the DNA binding column, 

leaving the DNA behind and the RNA in the flow-through. Ethanol was added to adjust binding 

conditions, and the flow-through sample was passed through the RNA binding column. Wash steps 

eliminated contaminants present on both columns, and the DNA and RNA were eluted from their 

respective columns.  

cDNA Library Construction 

Total RNA was quantified using the Quant-iT™ RiboGreen® RNA Assay Kit and normalized 

to 5ng/ul. Following plating, 2 uL of ERCC controls (using a 1:1000 dilution) were spiked into each 

sample, as well as a k562 control. An aliquot of 200 ng for each sample was taken for library 

preparation, using the automated variant of the Illumina TruSeq™ Stranded mRNA Sample 

Preparation Kit. This method preserved strand orientation of the RNA transcript. It used oligo dT 

beads to select mRNA from the total RNA sample. It was followed by heat fragmentation and cDNA 

synthesis from the RNA template. The resultant 400 base-pair (bp) cDNA then underwent dual-

indexed library preparation: ‘A’ base addition, adapter ligation using P7 adapters, and PCR enrichment 

using P5 adapters. After enrichment the libraries were quantified using Quant-iT PicoGreen (1:200 

dilution). To ensure quality creation of the libraries, if the samples and the k562 control fell below the 

cutoff of 5ng/ul, the plate was reworked from stock RNA. After normalizing samples to 5ng/uL, the set 

was pooled and quantified using the KAPA Library Quantification Kit for Illumina Sequencing 
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Platforms. The entire process occurred in 96-well format, and all pipetting was done by either Agilent 

Bravo or Hamilton Starlet.  

Illumina Sequencing 

Pooled libraries were normalized to 2nM and denatured using 0.1 N NaOH prior to sequencing. 

Flowcell cluster amplification and sequencing were performed according to the manufacturer’s 

protocols using the NovaSeq S2. Each run was a 101 bp paired-end with an eight-base index barcode 

read. Data was analyzed using the Broad Picard Pipeline, which includes de-multiplexing and data 

aggregation. Alignment was completed using the STAR alignment algorithm against human reference 

hg19.4  
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Supplementary Results 1: Next Generation Sequencing Results  

Given the low burden of nonsynonymous mutations and deleterious copy number alterations 

(i.e. high amplifications and two copy deletions), no single gene alteration or deleterious copy number 

change was associated with clinical benefit (Figure S3). Specifically, nonsynonymous mutations and 

copy number changes in TP53, as well as mutations and copy loss of BRCA1 and BRCA2 individually 

and grouped together, were not associated with PFS or OS (Figures S4, S5), except for TP53 loss 

defined as concurrent nonsynonymous mutation and 1 copy deletion, which was associated with worse 

OS (p = 0.02; Figure S4D). As a group, nonsynonymous mutations in DNA repair and E2F target 

pathways were also not associated with PFS or OS (Figures S5, S6). Nonsynonymous mutations in the 

G2M checkpoint pathway in aggregate were nominally associated with improved PFS (median PFS 5.7 

vs. 2.6 months, p = 0.04 by log-rank test) in Kaplan-Meier analyses unadjusted for multiple hypothesis 

testing (Figure S6C), but were not significantly associated with PFS in unadjusted and adjusted cox 

proportional hazard models (hazard ratio [HR] 0.32, 95% confidence interval [CI] 0.10-1.01, p = 0.05 

and HR 0.32, 95% CI 0.10-1.02, p = 0.05, respectively), the latter including line of therapy as a 

covariate. The primary tumor of the longest responding patient had a biallelic loss-of-function 

alteration, consisting of a missense mutation and a one copy deletion, in the homologous 

recombination-related gene FANCM. 
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Supplementary Results 2: Immunohistochemistry Results  

To characterize the presence of RAD51-foci and the distribution of tumor cells in different cell 

cycle phases after treatment, we estimated the percentage of geminin positive tumor cells in the biopsies 

and evaluated its relationship with RAD51-foci status and phospho-Histone H3 status (Figure S13A). 

The percentage of geminin positive cells was the highest in the post-cisplatin biopsy in most of the cases. 

Apart from the post-combination treated biopsies from patients 23 and 31, all other biopsies had > 3% 

of geminin positive tumor cells. In this cohort, 3/6 samples (excluding patients 23 and 31) lacked 

RAD51-foci in the post-combination biopsy. Figure S13B shows RAD51 staining in two longitudinal 

biopsies from patient 25, where RAD51 foci formation was suppressed by adavosertib, while the effect 

on RAD51 foci formation was minimal in the biopsy from patient 30. All biopsies from these two 

patients had >10% geminin positive cells.  Suppression of RAD51-foci formation by adavosertib 

(MK1175/AZD1775) has been reported in multiple pre-clinical studies.14 Since RAD51-foci suppression 

was observed in half of the cases, comprehensive analysis on larger cohorts is required to identify the 

molecular mechanism by which adavosertib suppresses RAD51-foci formation. 

To understand the relationship between the level of basal DNA damage and response to the 

combination of cisplatin and adavosertib, we investigated γ-H2AX staining, as shown by the 

representative images observed in patient 27, whose best response was stable disease (Figure S13D). 

Foci positive tumor cells were clearly observed in all three longitudinal biopsies. However, there was a 

marked increase in cells with strong pan-nuclear staining in the biopsy obtained after combination 

therapy and a discernable increase in the post-cisplatin biopsy. Strong pan-nuclear staining in the post-

combination biopsy was likely due to apoptotic cell death and nuclear blebbing as previously described.15 

Dichotomizing γ-H2AX levels (negative + low positive vs. positive), clinical benefit from the 

combination trended towards patients with low levels of DNA damage in the archival biopsy (Table S1). 
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Testing this relationship in larger cohorts using carefully timed biopsies is warranted for a more reliable 

determination of the observed correlation. 
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Supplementary Fig. S1. Study CONSORT Flow Diagram 
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Supplementary Fig. S2. Most Frequently Mutated Genes in Participants with Genomic 

Sequencing Most commonly mutated genes in archival primary or metastatic tumor biopsies from 30 

enrolled patients with targeted gene panel sequencing results: each column represents a patient ordered 

from longest to shortest progression-free survival (PFS). 

 

BL, baseline; CR, complete response; L, line; PD, progressive disease; PR, partial response; SD, 

stable disease.  
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Supplementary Fig. S3. Single Gene Mutation and Copy Number Alterations by Clinical Benefit 

(A) Nonsynonymous mutations were not associated with clinical benefit at p < 0.05 by Fisher’s exact 

tests; (B) High amplification and two deletion CNAs were also not associated with clinical benefit at p 

< 0.05 by Fisher’s exact tests.  

  
 

CB, clinical benefit defined as stable disease ≥ 6 months or complete or partial response.  



 14 

Supplementary Fig. S4. Kaplan-Meier Curves for Progression-Free Survival (PFS) and Overall 

Survival (OS) by TP53 Alterations (A) PFS and (C) OS by TP53 nonsynonymous mutation (present 

vs. absent); (C) PFS and (D) OS by TP53 loss (nonsynonymous mutation and 1 copy deletion). 
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Supplementary Fig. S5. Kaplan-Meier Curves for Progression-Free Survival (PFS) and Overall 

Survival (OS) by BRCA1/2 Alterations and DNA Repair Mutations (A) PFS and (B) OS by 

BRCA1/2 alteration (nonsynonymous mutation or 1 copy deletion); (C) PFS and (D) OS by Molecular 

Signature Database hallmark DNA repair pathway nonsynonymous mutation (present vs. absent).16 
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Supplementary Fig. S6. Kaplan-Meier Curves for Progression-Free Survival (PFS) and Overall 

Survival (OS) by E2F and G2M Pathway Mutations (A) PFS and (C) OS by Molecular Signature 

Database hallmark E2F target pathway nonsynonymous mutation (present vs. absent); (B) PFS and (D) 

OS by Molecular Signature Database hallmark G2M checkpoint pathway nonsynonymous mutation 

(present vs. absent).16 
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Supplementary Fig. S7. Volcano Plot for Expression of Genes Previously Associated with WEE1 

Inhibitor Response in Monotherapy Cisplatin Tumor Biopsies by Clinical Benefit X axis displays 

the log2 fold change in expression of genes associated with WEE1 inhibitor response in prior studies 

between tumors from patients with versus without clinical benefit, and y axis displays the -log10 of the 

Mann-Whitney p value for gene expression difference in tumors from patients with versus without 

clinical benefit. 
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Supplementary Fig. S8. Volcano Plots for Expression of Allograft Rejection Pathway Genes by 

Clinical Benefit (A) Monotherapy cisplatin biopsy (B) Combination therapy cisplatin WEE1 inhibitor 

biopsy: x axis displays the log2 fold change in expression of Molecular Signature Database hallmark 

allograft rejection pathway genes between tumors from patients with versus without clinical benefit,16 

and y axis displays the -log10 of the Mann-Whitney p value for gene expression difference in tumors 

from patients with versus without clinical benefit. 
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Supplementary Fig. S9. Box Plots for Tumor Infiltrating Lymphocytes (TILs) by RNA-seq in 

Tumor Biopsies from Patients with versus without Clinical Benefit (A) Monotherapy cisplatin 

biopsy (B) Combination therapy cisplatin WEE1 inhibitor biopsy: p values were calculated by the 

Wilcoxon rank sum test, and TILs were defined as the sum of all lymphocytes calculated by 

CIBERSORTx on relative mode,17 consisting of CD8+ T cells, naïve CD4+ T cells, resting memory 

CD4+ T cells, activated memory CD4+ T cells, T follicular helper cells, regulatory T cells, gamma 

delta T cells, resting NK cells, activating NK cells, naïve B cells, memory B cells, and plasma cells. 
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Supplementary Fig. S10. Box Plots for Resting Memory CD4+ T Cells by RNA-seq in Tumor 

Biopsies from Patients with versus without Clinical Benefit (A) All pairs (B) Clinical benefit pairs 

(B) No clinical benefit pairs: p values were calculated by the paired Wilcoxon signed rank test, and 

resting memory CD4+ T cells were calculated by CIBERSORTx on relative mode.17 
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Supplementary Fig. S11. Box Plots for Anti-Tumor M1 Macrophages by RNA-seq in Tumor 

Biopsies from Patients with versus without Clinical Benefit (A) Monotherapy cisplatin biopsy (B) 

Combination therapy cisplatin WEE1 inhibitor biopsy: p values were calculated by the Wilcoxon rank 

sum test, and M1 macrophages were calculated by CIBERSORTx on relative mode.17 
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Supplementary Fig. S12. Box Plots for Stromal Tumor Infiltrating Lymphocytes (TILs) by 

Hematoxylin and Eosin (H&E) Staining in Tumor Biopsies from Patients with versus without 

Clinical Benefit Stromal TILs in monotherapy cisplatin biopsies compared to combination therapy 

cisplatin WEE1 inhibitor biopsies in 6 patients with available paired biopsy H&E-stained tumor 

sections: p values were calculated by the paired Wilcoxon signed rank test, and stromal TILs were 

measured according to the International Immuno-Oncology Biomarker Working Group criteria.5 
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Supplementary Fig. S13. Immunohistochemistry (IHC) staining (A) The bar graph shows the 

percentage of geminin positive cells in the baseline/archival biopsy (Gem-BL), post-cisplatin biopsy 

(Gem-Cis), and post-combination biopsy (Gem-Cis+Wee1i). The best response of each patient to 

therapy and corresponding phospo-Histone H3 status and RAD51-foci status for each biopsy are 

indicated. (B-D) Representative images of archival, post-cisplatin, and post combination therapy tumor 

biopsies stained for RAD51 (B), phospho-Histone H3 (C), and γ-H2AX (D). 
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Supplementary Fig. S14. Multiplex cyclic immunofluorescence (CyCIF) analysis 

Immunofluorescence staining for DNA, panCK (tumor cells), and nuclear markers pCDK1/2/3/5 and 

pHistoneH3 for two of the paired site-matched tumor biopsies shown in the main text: the final merged 

multi-channel image is located farthest to the right. The top row is the tumor biopsy after cisplatin 

monotherapy, and the bottom row shows the tumor biopsy following cisplatin WEE1 inhibitor 

combination therapy.  
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Supplementary Table S1. Immunohistochemistry (IHC) data stratified by biopsy timepoint and clinical benefit  

 

CB, clinical benefit; neg, negative; pos, positive; pHH3, phospho-histone H3 (S10).  
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Supplementary Table S2. Cyclic immunofluorescence (CyCIF) antibody information 
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