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Gastric and gastroesophageal junction (G/GEJ) cancers carry a poor
prognosis, and despite recent advancements, most patients die of their

® Check for updates disease. Although immune checkpoint blockade became part of the
standard-of-care for patients with metastatic G/GEJ cancers, its efficacy

and impact on the tumor microenvironment (TME) in early disease

remain largely unknown. We hypothesized higher efficacy of neoadjuvant
immunotherapy plus chemotherapy in patients with nonmetastatic G/GEJ
cancer. Inthe phase 2 PANDA trial, patients with previously untreated resec-
table G/GEJ tumors (n = 21) received neoadjuvant treatment with one cycle
of atezolizumab monotherapy followed by four cycles of atezolizumab plus
docetaxel, oxaliplatin and capecitabine. Treatment was well tolerated. There
were grade 3immune-related adverse eventsin two of 20 patients (10%) but
nograde 4 or 5Simmune-related adverse events, and all patients underwent
resection without treatment-related delays, meeting the primary endpoint
of safety and feasibility. Tissue was obtained at multiple time points, allowing
analysis of the effects of single-agent anti-programmed cell death ligand
1(PD-L1) and the subsequent combination with chemotherapy on the TME.
Twenty of 21 patients underwent surgery and were evaluable for secondary
pathologic response and survival endpoints, and 19 were evaluable for
exploratory translational analyses. A major pathologic response (<10% residual
viable tumor) was observed in14 of 20 (70%, 95% confidence interval 46-88%)
patients, including 9 (45%, 95% confidence interval 23-68%) pathologic com-
plete responses. At amedian follow-up of 47 months, 13 of 14 responders
were alive and disease-free, and five of six nonresponders had died as aresult of
recurrence. Notably, baseline anti-programmed cell death protein1(PD-1)*CD8*
T cellinfiltration was significantly higher in responders versus nonresponders,
and comparison of TME alterations following anti-PD-L1 monotherapy versus
the subsequent combination with chemotherapy showed anincreasedimmune
activation on single-agent PD-1/L1 axis blockade. On the basis of these

data, monotherapy anti-PD-L1 before its combination with chemotherapy
warrants further exploration and validationin alarger cohort of patients with
nonmetastatic G/GEJ cancer. ClinicalTrials.gov registration: NCT03448835.
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G/GE]J cancers represent a principal cause of mortality, ranking as the
fourth most common cause of cancer-related death worldwide'. Despite
improvement of survival through implementation of perioperative
chemotherapy and chemoradiotherapy, overall prognosis remains
poor, with a 5-year survival of patients with locally advanced G/GEJ
adenocarcinoma ofless than 50% (refs. 2,3). In the pivotal FLOT4 study,
comparing FLOT chemotherapy (docetaxel, oxaliplatin, leucovorin
and fluorouracil) with the then standard-of-care—epirubicin, cisplatin,
fluorouracil/capecitabine— FLOT led to significant improvement in
overall survival (OS, 35 versus 50 months) and disease-free survival
(DFS, 30 versus 18 months)>*. Moreover, higher rates of pathologic com-
plete responses (pCR, 16%) and near-complete responses (21%) were
observed in FLOT-treated patients compared to epirubicin, cisplatin,
fluorouracil/capecitabine (6% and 17%, respectively) in the FLOT4-AIO
study*. On the basis of these data, FLOT has become standard-of-care.

Over the past decade, immune checkpoint blockade (ICB) has
emerged as an effective and promising therapeutic approachina
variety of malignancies. PD-L1, aninhibitory checkpoint molecule, has
been shown to be upregulated in gastric cancer®®, and its expression
negatively correlates with prognosis and survival™®. In patients with
advanced or metastatic G/GEJ cancer, randomized trials have shown
improved clinical outcomes after anti-PD-L1with chemotherapy com-
pared to chemotherapy alone, leading to approval of this regimen as
first-line treatment’ ™. Although some level of activity was observed
in patients with low or absent PD-L1 expression, the largest effect size
was in tumors expressing PD-L1 with combined positive scores (CPS)
varying from >1to >5, leading to approval by the European Medicines
Agency contingent on PD-L1 CPS®™°. Importantly, anti-programmed
cell death protein 1 (PD-1) has also been shown to improve survival
in patients with stage Il and Il disease in the Checkmate-577 study, in
which DFS was significantly higher in patients treated with adjuvant
nivolumab comparedto placeboin patients undergoing surgery after
chemoradiotherapy for esophageal and GEJ adenocarcinoma, regard-
less of PD-L1expression”. Overall, these studies demonstrated efficacy
ofanti-PD-1in G/GEJ cancer, yet the inconsistent association between
PD-L1expression and benefit from anti-PD-1indicates that efficacy is
probably determined by further factors and that predictive biomarkers
areurgently needed.

Neoadjuvant ICB has been shown to result in remarkable patho-
logic responses in several tumor types, including melanoma, lung
cancer, bladder cancer and colorectal cancer. In addition, pathologic
responses to ICB are highly correlated withimproved survival> %, The
high response rate to neoadjuvant ICB may be attributed to the pres-
ence of alarger amount of antigen with which checkpointinhibition can
synergize®. Also, it may be speculated that, in case of tumor-draining
lymphnode dissection, ICB before surgery may benefit fromthe pres-
ence of a larger pool of tumor-reactive T cells. Furthermore, recent
studies have shown the predictive value of interferon (IFN)-y signatures
in the pathologic response to neoadjuvant immunotherapy in mela-
noma, which has led to interventional studies allocating patients to
different neoadjuvant regimens according to IFNy signatures®. These
datahighlight theimportance of predictive markersin personalization
of neoadjuvant therapies.

Althoughthereisincreasingevidence for theimmune-potentiating
effects of combined ICB plus chemotherapy*-**, the order in which to
administer these therapies to achieve optimal antitumor efficacy
remains to be elucidated. Preclinical studies have demonstrated a
higherincreasein CD8" T cellinfiltration (TCI) and improved antitumor
responses when anti-PD-L1is given before the start of chemotherapy,
as compared to either concomitant or subsequent PD-L1blockade®.
In early triple-negative breast cancer, anti-PD-1 monotherapy given
before chemotherapy was associated with a higher pCR rate than
concomitant anti-PD-1 plus chemotherapy?**. These data indicate
that ICB before chemotherapy may prime the TME and thereby elicit
enhanced antitumor efficacy. Inthe current study, we aimed to evaluate

the immune-modulating effects of PD-L1 blockade alone by admin-
istering monotherapy atezolizumab before its combination with
chemotherapy.

Here we present results from the PANDA study, investigating the
safety, efficacy and immunologic correlates of atezolizumab plus
chemotherapy in patients with resectable, nonmetastatic G/GE)
adenocarcinoma.

Inthe PANDA study (NCT03448835), patients received one cycle
of monotherapy atezolizumab (1,200 mg) followed by four cycles
of atezolizumab (1,200 mg) combined with docetaxel (50 mg m™),
oxaliplatin (100 mg m™2) and capecitabine (850 mg m™) (DOC). Tumor
biopsies were obtained through endoscopy at baseline, after mon-
otherapy atezolizumab and after the first combination treatment.
Surgery was performed 6-9 weeks after the last treatment cycle, and
tissue was obtained from surgical resection specimens (Extended Data
Fig.1). The primary objective was safety and feasibility. Secondary
objectives included efficacy assessed by histopathologic regression,
changes in the TME and clinical outcomes. Pathologic response was
defined as <10% residual viable tumor (RVT), consisting of major patho-
logic response (MPR, <10% RVT) and pathologic complete response
(pCR, 0% RVT)"**?, Animportant purpose of this study design was to
allow separate dissection of the effects of PD-L1 blockade alone and
the subsequent combination with chemotherapy on the TME, as well
as their association with clinical response.

Results

Patient characteristics

From 12 April 2018 to 14 May 2021, a total of 21 patients were enrolled.
Baseline patient and tumor characteristics are summarizedin Table 1.
The medianage was 62 years (range 46-76), and 19 of 21 (90%) patients
were male. Onthe basis of pretreatment staging by computed tomog-
raphy (CT) and/or fluorodeoxyglucose-positron emission tomography
(FDG-PET) scan combined with endoscopic ultrasound, 17 of 21 (81%)
patients had a cT3 or cT4a tumor and 16 of 21 (76%) had cN+ disease
(Extended Data Table 1). Three patients had a mismatch repair defi-
cient ({IMMR) tumor, and one patient an Epstein-Barr virus (EBV)*
tumor. One patient witha dMMR tumor died shortly after atezolizumab
monotherapy because of external factors unrelated to the study treat-
ment. Twenty patients underwent surgery and were evaluable in the
per-protocol (PP) population for safety and secondary efficacy end-
points according to the study protocol (Extended Data Fig. 2).

Safety

Overall, treatment was well tolerated, and the study metits primary end-
point of safety and feasibility. Inmune-related adverse events (irAEs)
ofanygrade occurredin1lof20 (55%) patients, and three grade 3irAEs
were observedintwo (10%) patients, consisting of hepatitis, headache
and diarrhea (Table 2). There were no grade 4 or 5irAEs.

In one patient, grade 3 immune-related hepatitis and meningitis
were suspected on the basis of elevated liver enzymes and headache
following monotherapy atezolizumab. Although liver biopsy and cer-
ebrospinal fluid analysis failed to confirm these diagnoses, high-dose
steroids and mycophenolate mofetil were started, with complete reso-
lution of both AEs. Atezolizumab was discontinued, and the patient
received all cycles of neoadjuvant chemotherapy. One patient with
grade 3 diarrhea had complete resolution of symptoms within 1 week
with supportive treatment. Finally, one patient who was excluded from
the PP population experienced grade 3 fatigue after monotherapy
atezolizumab, and steroid treatment was initiated. This AE could not
be followed up because of study unrelated death.

Chemotherapy was administered to all20 patients. Chemotherapy
dose delays (>7 days) occurred in one of 80 (1%) cycles in one (5%)
patient, dose reductions were required in eight of 80 (10%) cycles in
five (25%) patients, and omission of chemotherapeutic drugs occurred
inthree of 80 cycles (4%) in two (10%) patients (Extended Data Table 2).
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Table 1| Baseline patient and tumor characteristics

Table 2 | Imnmune-related adverse events (n=20)

Overall (n=21)

Number of patients with event (%)

Age, median (range) 62 (46-76) Grade1 Grade 2 Grade 3
Sex Any immune-related adverse event 9 (45%) 7(35%) 2(10%)
Male 19 (90%) Infusion-related reaction 2 (10%) 3 (15%) -
Female 2 (10%) Fatigue 4(20%) - -
ECOG performance status Fever - 4 (20%) -
0 15 (71%) Arthralgia 1(5%) 1(5%) -
1 6 (29%) Hypothyroidism 1(5%) 1(5%) -
Primary tumor location Diarrhea - - 1(5%)
Gastric 5 (24%) Headache - - 1(5%)
GEJ Siewert type 1 1(5%) Hepatitis - - 1(5%)
GEJ Siewert type 2 9 (43%) Photosensitivity 1(5%) - -
GEJ Siewert type 3 6 (29%) Rash maculopapular 1(5%) - -
Clinical T stage AlL AEs that were deemed at least possibly related to atezolizumab are shown in this table.
This is regardless of the possible relationship with chemotherapy.
T2 4(19%)
T3 15 (71%) and one patient subtotal gastrectomy with Billroth Il reconstruction.
Taa 2(10%) Surgical resection margins were tumor-free (R0) in 19 of 20 (95%)
ClinicalN patients. One patient undergoing total gastrectomy for linitis plastica
inica’ N stage with a tumor-positive distal resection margin underwent adjuvant
NO 5 (24%) chemoradiotherapy.
N1 1(52%) No unexpected surgical complications were observed, and
N2 4(19%) there were no intraoperative complications or surgery-related
deaths. Surgery-related AEs of any grade were observed in 11 of 20
N3 1(5%) patients (55%), and grade 3 or 4 AEs were observed in 10 patients (50%)
AJCC clinical stage®® (Extended Data Table 4). Anastomotic leakage occurred in three of
B 2(10%) 20 (15%) patients; all three patients underwent esophagectomy with
m 2019%) cervical anastomosis, and leakage was treated with stents (n=2) or
> conservatively (n=1).
1B 9 (43%)
A 5 (24%) Neoadjuvant ICB plus chemo leads to high pathologic
B 16%) response rates
—— Fourteen of 20 (70%, 95% confidence interval (CI) 46-88%) patients
Eauenclessification had a pathologic response, all consisting of an MPR with <10% RVT
Intestinal 16 (76%) (Mandard tumor regression grading (TRG)1or 2), including nine of 20
Diffuse/mixed 4(19%) (45%,95% Cl123-68%) pathologic complete responses (Mandard TRG1).
Indeterminate 165%) Among18 patlentswlthamlsmatch repair proﬂmfent(pl‘leR) t.umor,an
MPRwas observedin12 (67%, 95% Cl141-87%) patients, including seven
MMR status (39%,95% C117-64%) pCRs (Extended Data Table 5). Both patients with
MMR proficient 18 (86%) adMMR tumor who underwent surgery had a pCR. The two patients
MMR deficient® 3 (14%) with HER2+ tumors had a pCR and an MPR with 1% RVT. One patient
PD-L1CPS® with apCR ofthe primary tumor but<1%RVT in lymph nodes was clas-
- sified as having an MPR (Fig. 1a). Remarkably, pCR was not restricted
CPS21 18 (90%) to patients with pretreatment American Joint Committee on Cancer
CPS325 14 (70%) stageland IIA tumors but was also observed in patients with stageIB,
CPS>10 4(20%) I11A and even IlIB tumors (Extended Data Table 1).

AJCC, American Joint Committee on Cancer. *One patient with a dMMR tumor did not
undergo surgery and was excluded from efficacy and translational endpoints. °PD-L1 CPS was
available for 20 patients.

Grade 3 chemotherapy-related AEs were observed in four patients
(20%, Extended Data Table 3) and consisted of febrile neutropenia
(15%) and diarrhea (5%).

Twenty patients underwent surgery, all without treatment-related
delays. One patient chose to postpone surgery for personal reasons.
Themedianinterval between the last study treatment and surgery was
6 weeks (range 5-13 weeks). Thirteen patients underwent transhiatal
esophagectomy with gastric tube reconstruction and cervical anasto-
mosis, six patients a total gastrectomy with Roux-and-Y reconstruction

Tumor regression was characterized histologically by fibrosis,
neuronal hyperplasia, influx of immune cells, acellular mucin pools
and regional necrosis (Fig. 1c). Notably, resection specimens from
multiple patients contained lymph nodes with evidence of histologic
regression, including a patient with pretreatment clinical N3 stage
whose resection specimen contained eight tumor-regressed lymph
nodes without viable tumor cells (Fig. 1d). Pathologically assessed
downstaging was evidentin 13 of 20 patients. Furthermore, all six non-
responders (Mandard TRG3-5) displayed some pathologic regression,
with 60-70% RVT. This included the patient with an EBV* tumor, who
hadreceived only one cycle of atezolizumab.

When considering intestinal and diffuse/mixed subtypes
separately, an MPR was observed in 12 of 15 (80%, 95% CI 52-96%)
intestinal-type tumors, including nine of 15 (60%, 95% CI 32-84%)
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Fig.1|Pathologic responses and outcomes after neoadjuvant atezolizumab
plus DOC chemotherapy. a, Percentage of pathologic regression shown per
tumor. The black horizontal line depicts the demarcation for MPRs corresponding
t0 90% tumor regression. The dashed line demarcates PR (50% tumor regression).
Colors of the bars represent different Lauren subtypes, the asterisks below bars
indicate IMMR tumors, and the hash (#) indicates the patient withapCRin the
primary tumor but <1% RVT in lymph nodes. b, Kaplan-Meier plot of DFS for
pathologic responders (red) versus nonresponders (blue) in patients evaluable
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for response in the PANDA trial. ¢, Posttreatment resection specimen froma
patient witha pMMR GEJ tumor (cT3N1) who had a pCR. H&E stain showing
normal mucosa (M) and complete regression of the adenocarcinoma, which

was characterized by mucin lakes (star) and tertiary lymphoid structures
(arrowheads). d, Posttreatment H&E stains of a resected lymph node froma
patient with pretreatment clinical N3 stage. Left, some preexistent lymphoid
tissue (arrowheads) and complete tumor regression characterized by cholesterol
clefts (circle). Right, multinucleated giant cells (arrowheads).

pCR. In the four tumors with a diffuse/mixed type histology, an MPR
was observedin two (50%, 95% Cl 7-93%) patients.

Response assessment by CT and FDG-PET imaging

For the secondary endpoint of radiographic response, CT and/or
FDG-PET imaging was performed before the last treatment cycle
in19 and 17 patients, respectively. Notably, among 19 patients with
posttreatment CT scans, only one patient had a measurable target
lesion according to Response Evaluation Criteria in Solid Tumors
(RECIST) v.1.1, because primary tumors in hollow organs are not con-
sidered target lesions according to RECIST v.1.1, regardless of size.
Therefore, response assessment was mostly descriptive. Of the 13
pathologic responders who underwent preoperative CT scans, 11
patients were described as having a decrease in tumor size, yet none
of the nine patients with a pCR were radiographically assessed as
complete responders.

Inthe17 patients who underwent preoperative FDG-PET scans, the
posttreatment maximum standardized uptake value (SUV,,,,) was sig-
nificantly different (P=0.05) between responders (median 4.2, range
2.3-6.5) and nonresponders (median 5.7, range 4.5-5.8). Although
ten of 12 pathologic responders were evaluated as (near-)complete
responders, the remaining two responders (both pCR in the primary
tumor) were assessed as partial responder and stable disease. In the
five pathologic nonresponders who underwent FDG-PET, four patients
were evaluated as responders on FDG-PET.

Metabolic response was also assessed by calculating the difference
intotal lesion glycolysis (ATLG) between baseline and posttreatment
FDG-PET, whichwas shown to accurately predict pathologic response
to neoadjuvant ICB in head and neck cancers”®. However, among 17
FDG-PET evaluable patients in our cohort, 13 had a ATLG of -100%,
including pathologic nonresponders, indicating the inaccuracy of this
method in our cohort. In the remaining four patients, ATLG could not
be calculated because the inability to accurately delineate the tumor
impeded metabolic tumor volume (MTV) calculation (Supplementary
Table1).

These dataareinline withthe previously described underestima-
tion of response to (neoadjuvant) immunotherapy by radiographic
assessment across tumor types, highlighting the need for more accu-
rate methods of response evaluation”?°,

Association of pathologic response with outcome

Clinical outcome showed a strong relationship with pathologic
response, both secondary endpoints, after neoadjuvant therapy, as
demonstrated by a significantly higher DFS (P=0.0001, Fig. 1b) and
0S (P=0.0006, Extended DataFig.3) inresponders compared tonon-
responders. At the time of data cutoff on 24 April 2023, the median
follow-up was 47 months (range 11-59), and 13 of 14 (93%) patients
witha pCRor MPRwerealive and disease-free. In contrast, only one of
six nonresponders (16%) remained disease-free, and five of six (83%)
patients developed disease recurrence (Fig. 1b).
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Fig. 2| Association of ctDNA with pathologic response. a, Association between
pathologic response and ctDNA clearance after all neoadjuvant treatment

cycles and before surgery (n =17). Significance was tested using a one-sided
Fisher’s exact test. b, Average ctDNA concentration, in mean tumor molecules
per milliliter of plasma (MTM per ml), across nonresponders (red, n = 6) and
responders (green, n =14). Box plots represent the median, 25th and 75th
percentiles; the whiskers extend from the hinge to the largest value no farther

than 1.5 x interquartile range (IQR) from the hinge. For comparison between
nonresponders (red) and responders (green), significance was tested using
atwo-sided Wilcoxon rank-sum test. ¢, Kaplan-Meier plot of DFS stratified

by combination of pathologic response (responders/nonresponders) and
presurgery ctDNA status. Hazard ratios (HRs) and 95% Cls were calculated using
the Cox proportional hazard model. Pvalues were calculated using the two-sided
log-rank test.

Median DFS was notreached (95% Cl38—not reached), and DFS at
3yearswas 73% (95% Cl 55-97%). Disease recurrences in nonrespond-
ers occurred after amedian follow-up of 10 months (range 5-29) after
surgery, and nonresponding patients with disease recurrence died with
amediansurvival after recurrence of 10 months (range 2-14).

The nonresponder who remained disease-free had an EBV* tumor.
One responder with a cT3N3 tumor at baseline who had a pCR devel-
oped recurrent disease in the brain at 38 months after surgery. A soli-
tary brainlesion was resected and confirmed clonal relatedness to the
primary tumor. The patient died 4 months after diagnosis of metastatic
disease as aresult of rapidly progressive brain metastases.

Circulating tumor DNA is associated with response and DFS
At baseline, circulating tumor DNA (ctDNA) could be detected in 85%
(17 of 20) of patients across all stages, with 94.4% (17 of 18) of patients
with tumors of stage Il or higher (Extended Data Fig. 4). CtDNA status
was also analyzed after monotherapy atezolizumab, before surgery,
postsurgery (molecular residual disease) and during follow-up, with
ctDNA positivity rates of 75% (15 of 20), 15% (3 0f 20),10.5% (2 0f 19) and
15% (3 of 20), respectively.

After allneoadjuvant treatment cycles and before surgery, ctDNA
wasclearedin1lof 11responders, whereas three of six nonresponders

remained positive (P=0.029, Fig. 2aand Extended Data Fig. 5¢c). In addi-
tion, ctDNA levels were significantly higher in nonresponders thanin
responders (P=0.0065, Fig. 2b). These data indicate an association
between ctDNA and pathologic response to neoadjuvant treatment.
Although ctDNA positivity and nonclearance at the presurgery time
point were associated with an inferior DFS, this was not significant,
probably because of the small sample size (Extended Data Fig. 5a,b).
When considering pathologic response and presurgery ctDNA status
simultaneously, ctDNA-positive nonresponders had a higher risk of
recurrence than ctDNA-negative patients witha pCR (Fig. 2c). Further-
more, ctDNA positivity at the molecular residual disease and follow-up
time points was associated with a100% recurrence rate (Extended
DataFig.5d,e).

Biomarkers predictive of response to neoadjuvant ICB

With the exploratory aim of identifying potential biomarkers predic-
tive of response, immunohistochemistry (IHC), RNA sequencing and
whole-exome sequencing (WES) were performed on tumor biopsies to
exploredifferences betweenresponders (<10%RVT, n =14) and nonre-
sponders (>10%RVT, n=5).One patient who discontinued atezolizumab
after the first cycle was excluded from exploratory translational analy-
ses because this TME was not considered representative for aresponse

Nature Medicine | Volume 30 | February 2024 | 519-530

523


http://www.nature.com/naturemedicine

Article

https://doi.org/10.1038/s41591-023-02758-x

to the study treatment. An overview of samples used for translational
analysesis provided in Supplementary Fig. 1.

Expression of PD-1 on CD8" tumor-infiltrating lymphocytes
has previously been shown to accurately identify clonally expanded
tumor-reactive T cells, indicating its potential as a predictive bio-
marker of antitumor responses induced by ICB*, and recent findings
have provided further support for the predictive value of CD8"PD-1*
TCI'****, In our study, CD8'PD-1" TCI using IHC (Methods) demon-
strated a significantly higher value at baseline in responders than in
nonresponders (P=0.034, Fig. 3a). Furthermore, the proportion of
CDS8'PD-1" T cells among total CD8" T cell numbers was significantly
higherinrespondersthannonresponders (P=0.019, Fig. 3a). Moreover,
imaging mass cytometry (IMC) showed a higher baseline abundance of
CD103'CD8' T cellsin responders than nonresponders (Fig. 3d). Both
PD-1and CD103 are considered surrogates of presumed tumor-reactive
T cells***. In contrast, no difference was observed in total CD8" TCI
between responders and nonresponders (Fig. 3b), adding to the
evidence that the functional status of CD8" T cells forms a critical
parameter. In addition to CD8'PD-1" TCI predicting ICB responsive-
ness, studies in anti-PD-1-treated non-small cell lung cancer (NSCLC)
patients found a strong correlation between high CD8'PD-1" TCl and
durable treatment response as well as 0S****, Along these lines, we also
observed anassociation between the proportion of CD8'PD-1' TCl and
DFS, albeit not significant (P=0.060), and OS (P=0.099).

Importantly, and in contrast to findings in metastatic disease,
where efficacy of immunotherapy is primarily observed in PD-L1
CPS-positive tumors, CPS was not predictive of response at cut-offs
of 1, 5 or 10 (Supplementary Table 2). Moreover, four of 14 respond-
ers showed a CPS < 5, whereas two of five nonresponders showed a
CPS >10. Interestingly, tumors from nonresponders with a high CPS
displayed relatively low CD8PD-1" TCI (Fig. 3¢), again indicating the
importance of the baseline presence of tumor-reactive T cells.

In addition, we performed transcriptional analysis of previously
proposed biomarkers of response to ICB, including IFNy signature’®,
CD8A/B, CD274 (encoding PD-L1), FOXP3 and CXCL13, encoding a
chemokine thatis associated with follicular helper T cells and involved
in the formation of tertiary lymphoid structures®. These analyses
did not show significant baseline differences between responders
and nonresponders (Fig. 3f-m). Given the emerging evidence for
TCF1 (encoded by TCF?) as a potential predictive biomarker of ICB
response®®*?, we assessed and found significantly higher baseline
TCF1 RNA expression in responders than nonresponders (P=0.011,
Fig. 4a). TCF1 plays a principal role in T cell development, as itis a
crucial component for differentiation of CD4" T cells into T follicular
helper cells as well as an identifying marker of stem-like CD8" T cells
with self-renewal capacity™.

To better understand possible underlying factors of nonre-
sponse, we explored the presence of immunosuppressive features
in the TME and found that baseline neutrophil signature was signifi-
cantly higher in nonresponders than responders (P=0.026, Fig. 4b).

Considering that neutrophils, but also tumor-associated macrophages
and myeloid-derived suppressor cells, may be recruited by mast cells*,
we assessed and correspondingly found a significantly higher mast
cell signature in nonresponders than responders (P=0.044, Fig. 4c).
Deconvolution of RNA sequencing dataindicated no other significant
associations between pathologic response and relative cell type com-
positions (Fig. 4f). In addition, expression of SIGLEC-7, an inhibitory
checkpoint found on natural killer (NK) cells, T cells and dendritic
cellsand shown to promote immune suppression whenbound tosialic
acids on cancer cells, was significantly higher in nonresponders than
responders (P=0.044, Fig. 4d).

Genomic analyses showed that the genetic makeup of our cohort
was representative of this patient population (Fig. 4g)*, increasing
the likelihood that our findings will translate to the general patient
population. Furthermore, these analyses did not show any signifi-
cant associations between pathologic response and alterations of
driver genes (Fig. 4g) or mutational signatures (Supplementary Fig. 2).
Notably, pathologic responses were observed despite alow pretreat-
ment tumor mutational burden (TMB), and TMB was not significantly
different between responders and nonresponders, with a median
of 4.71 (range 0.51-43.62) and 3.63 (range 0.66-6.66) mutations per
megabase, respectively (P=0.58, Fig. 4e).

A post hoc translational analysis excluding patients with dAMMR
tumors was performed, showing that baseline differences observed by
transcriptomicsand CD8'PD-1" IHC were also present when considering
only pMMR responders versus nonresponders (Supplementary Fig. 3).

Atezolizumab leads toimmune activation in the TME

A challenge in clinical immune-oncology studies that evaluate com-
bination therapies has been to assign treatment-induced alterations
of the TME to individual drugs or their combination. To under-
stand whether therapy-induced TME alterations induced by the
atezolizumab-chemotherapy combination are substantially different
from the effects of atezolizumab monotherapy, we compared changes
inthe TME after the initial cycle of atezolizumab monotherapy to those
observed on subsequent combination therapy.

UsingIHC, asignificantincreasein CD8" TClinresponding patients
was observed after atezolizumab monotherapy (P=0.009), whereas
CD8" TCl was stable in nonresponders (P=1.0, Fig. 3b). Notably, the
subsequent combination of atezolizumab with chemotherapy did not
result in a further substantial increase in the CD8* TClin responders.
Inline with these data, analysis of transcriptomic data showed signifi-
cantly increased CD8A/B expression after atezolizumab monotherapy
solely in responders (P=0.003), without a further significant change
following the first combination cycle (Fig. 3f). IMC was performed to
further characterize tumor-infiltrating immune cells in a subset of
pPMMR tumors, including nonresponders and responders with a pCR
(Supplementary Fig.4a). On monotherapy atezolizumab, asubstantial
increase in the expression of granzyme B in CD8" T cells, indicating
activation of this population, was observed specifically in responding

Fig.3|IHC for CD8'PD-1' TCI plus CD8' TCI and dynamics ofimmune-related
gene expressionin predicting response to ICB plus chemotherapy.

a, Pretreatment CD8'PD-1 T cells using IHC per mm? (left) and as percentage of
allCD8" cells (right) in nonresponders (NR, n = 5) versus responders (R, n = 14).
Dots represent individual patients. The horizontal line represents the median;
whiskers show the 95% Cls. The difference between R and NR was tested using
atwo-sided Wilcoxon rank-sum test. b, Dynamics of CD8" T cells per mm?in
R(green) versus NR (red) at baseline (R, n=13; NR, n =5) after monotherapy
atezolizumab (post atezo; R, n =13; NR, n=4), after DOC plus atezolizumab
(post DOC-A; R, n=10;NR, n=4) and at resection (R, n =14; NR, n =5). ¢, Scatter
plotshowing the relation between pretreatment PD-L1CPS and CD8'PD-1' T
cells permm?inR (n=14) versus NR (n = 5). Dots represent individual patients.
d,e, Dynamics of CD8*CD103" T cells per mm? (d) and CD8"GZMB' T cells per
mm? (e) analyzed by IMC in pMMR-complete responders (green) versus pMMR

nonresponders (red) at baseline (R, n =7; NR, n = 5) and after monotherapy
atezolizumab (post atezo; R, n=7;NR, n =4).f-m, Dynamics of gene expression
of CD8 (=CD8A + CD8B) (f). IFNy signature (g). CXCL13 (h). PD-1 (i). PD-LI (j).
FOXP3 (k). CD45 (1). Eosinophil signature (m). f-m, Dynamics of gene expression
inR (green) and NR (red) at baseline (R, n = 14; NR, n = 4) after monotherapy
atezolizumab (post atezo; R, n=14; NR, n = 4), after DOC plus atezolizumab (post
DOC-A;R,n=14;NR, n=5) and at resection (R, n=14;NR, n=5).b,d-m, Box plots
represent the median, 25th and 75th percentiles; whiskers extend from the hinge
to the largest value below 1.5 x IQR from the hinge. Differences between Rand NR
were tested using a two-sided Wilcoxon rank-sum test. Differences between time
pointsinRand NR separately were tested using a two-sided Wilcoxon signed-rank
test. Only significant Pvalues are shown; colorsindicate a significantincrease or
decrease in responders (green) or a significant difference between responders
and nonresponders (black). RPM, reads per million.
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patients (Fig. 3e). Because there is increasing evidence that the spa-
tial proximity of immune cells to tumor cells may be predictive for
response to ICB*, IMC datawere also used to explore the spatial distri-
bution of cellsin the TME. A neighborhood analysis showed an enrich-
ment of interactions between CD8* T cells and cancer cells following
monotherapy atezolizumab in responders (Supplementary Fig. 4b).
Increased immune infiltration was also evident from transcriptomic

data, showing increases in CD45 and eosinophil signature expression
(Fig.3I,m). Furthermore, increased T cell activity on atezolizumab mon-
otherapy was indicated by upregulation of an IFNy signature® and PD-1,
PD-L1and CXCL13 expression (Fig. 3g-j), whereas no further increase
was observed after combination therapy. Notably, IMC demonstrated
ahigher proportion of HLA-DR" cancer cellsin responders than nonre-
sponders after monotherapy atezolizumab (Supplementary Fig. 4c),
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Fig. 4| Comparisons between responders and nonresponders of
pretreatment TCFI1and SIGLEC-7 gene expression, neutrophil and mast
cell signatures, TMB, infiltration ofimmune cell subsets and driver gene
mutations. a-d, Pretreatment gene expression in nonresponders (NR, n =5)
versus responders (R, n =14) of TCF1 (a), neutrophil signature (b), mast cell
signature (c) and SIGLEC-7 (d). Boxplots represent the median, 25th and 75th
percentiles; whiskers extend from the hinge to the largest value below 1.5 *IQR
from the hinge. The difference between NR and R was tested using a two-sided
Wilcoxon Rank-sum test. e, TMB (number of nonsynonymous mutations per
megabase of protein coding genome, y axis, log,,scale) innonresponders (NR,
n=>5)versus responders (R, n =14). Blue stars indicate patients with dAMMR
tumors. Box plots represent the median, 25th and 75th percentiles; whiskers
extend from the hinge to the largest value below 1.5 x IQR from the hinge. The
difference between NR and R was tested using a two-sided Wilcoxon rank-sum
test. f, Heatmap of baseline RNA expression (Z-scores) of TME-specific signatures

for leukocytes (CD45), cytotoxic cells, T cells, CD8T cells, exhausted CD8T cells,
CDA4 T cells, T, cells, B cells, NK cells, eosinophils, macrophages, mast cells and
neutrophils. Patients (x axis) were ordered on the basis of hierarchical clustering
(upper dendrogram). The squares below indicate Lauren classification, EBV
status, MMR status, TMB (log ,scale) and pathologic response per patient.

The association of signature expression with response is shown on the right
asalollipop plot of signed, two-sided Wilcoxon rank-sum test-based P values
(unadjusted for multiple hypothesis testing; x axis on log,, scale). g, Mutational
status of all cancer-driver genes altered in >3 patients (colors denote the
mutation type), alteration frequency (bar plot) and association with response
(lollipop plot of signed, two-sided Fisher’s exact test-based P values (unadjusted
for multiple hypothesis testing; xaxis on log,, scale). The squares below indicate
Lauren classification, EBV status, MMR status, TMB (log,, scale) and responder
status per patient. n.s., not significant.

which is in line with the increased IFNy signaling in responders®. In
line with this observed immune activation, CD4 expression as well
as expression of various inhibitory immune checkpoints, including
LAG3, SIGLEC-7 and SIGLEC-9, increased significantly in responders on
atezolizumab monotherapy (Supplementary Fig. 5). After exclusion of
dMMR tumors, the observed higherimmune activationin responders
after monotherapy atezolizumab generally held true, although to a
slightly lesser extent (Supplementary Fig. 6).

Finally, building on recent data showing an important role
for eosinophils in the response to ICB in NSCLC, breast and colon

cancer**, on top of histopathologic findings of eosinophil infiltra-
tion after treatment in the current study, transcriptomic analysis
showed a significant increase in eosinophil signatures in respond-
ers after atezolizumab monotherapy (P=0.009), whereas a trend
towards decrease was observed in nonresponders (P=0.273,
Fig. 3m). By analysis of delta (4) expression values to compare the
changes between time points (Methods) in responders and nonre-
sponders, we found the changes in CD45, eosinophils and LAG3 after
atezolizumab monotherapy to be significantly different between
responders and nonresponders (Supplementary Fig. 7), implying
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that the observed differences are not driven solely by the relatively
small number of nonresponders.

Withthe availability of biopsies at different time points per patient,
we were also able to assess the dynamics of immune cell subsets after
the subsequentaddition of chemotherapy to atezolizumab. We found a
substantialincrease in CD45" cells, CD4 " T cellsand FOXP3* regulatory
T (T, cells in nonresponders, whereas these subsets decreased in
responders (Fig. 3k, and Supplementary Fig. 5), resulting in a signifi-
cant difference between responders and nonresponders by compari-
son of A values (Supplementary Fig. 7).

Asacontrol, transcriptomic analysis of samples at surgery showed
that expression levels of above-mentioned immune-related genes
remained relatively stable, with no significant changes relative to the
samples obtained after the first combination cycle in either respond-
ers or nonresponders (Fig. 3 and Supplementary Fig. 5), emphasiz-
ing that the specific changes observed after atezolizumab were
treatment-related.

Overall, these findings demonstrate, also on the basis of analysis
of the TME, that the addition of atezolizumab has a major impact on
the effect of chemotherapy in G/GEJ cancers.

Discussion

Here we show that the combination of neoadjuvant atezolizumab
plus chemotherapy is safe and has promising antitumor activity in
G/GE) adenocarcinoma, leading to an MPR in 70% and a pCR in 45%
of patients. Importantly, pathologic response showed an excellent
correlation with survival, with 13 of 14 responders without disease
recurrence after amedian follow-up of 47 months, whereas five of six
nonresponders had a recurrence and died of their disease. Although
previous studies in G/GEJ cancer have shown an association between
response to neoadjuvant chemotherapy or chemoradiotherapy and
outcome***¢, our data indicate that the association may be stronger
and more similar to patients receiving neoadjuvant immunotherapy
for NSCLC, melanoma, colon and bladder cancer, where patients with
MPR and pCR have a negligible risk of disease recurrence. In line with
prior research in colorectal cancer and esophagogastric tumors**%,
we observed an association between ctDNA and recurrence risk. In
addition, presurgical ctDNA status was associated with pathologic
response, highlighting potential clinical utility.

Inthe current study, we observed a 3-year recurrence rate of 27%,
whereas the expected recurrence rate for G/GEJ cancers following
FLOT chemotherapy is about 50% at 3 years®. Despite the limitations
of cross-trial comparisons and our small patient cohort, these find-
ings warrant validation in larger cohorts. The use of anti-PD-1/PD-L1
inthis patient populationis also supported by recent results from the
DANTE study, in which patients were randomized to perioperative FLOT
with or without atezolizumab, showing anincrease of pCR in patients
who received atezolizumab compared to FLOT only (24% versus 15%,
respectively). Inthe phase 3 MATTERHORN study, the pCR and near-CR
rateswere 19% and 27% in patients treated with perioperative FLOT plus
anti-PD-1versus 7% and 14% in FLOT-treated controls®. In the similar
ICONIC study, patients received perioperative FLOT plus avelumab
with MPR and pCR rates of 21% and 15%, respectively>’. The study was
closed early, however, because the target pCR of 25% was unlikely to
be achieved.

When considering only intestinal-type tumorsin the PANDA study,
MPR and pCR rates were 80% and 60%, respectively. Albeit in a small
cohort, these pathologic responses compare favorably to historical
datainsimilar patient populations. In the FLOT4-AIO study assessing
perioperative FLOT chemotherapy, a near-pCRrate of 42%, including
23% pCR, was noted among patients with intestinal-type tumors®.
Likewise, acomparable pCRrate of 23% was observed in patients with
GEJ and esophageal adenocarcinoma after neoadjuvant chemoradio-
therapyinthe CROSS study, also a standard-of-care treatment regimen
for patients with GEJ cancers®. Altogether, our results indicate that

adding atezolizumab to neoadjuvant chemotherapy may lead to a
higher pathologic response rate than expected with chemotherapy
alone. Although a higher pathologic response rate is also observed
in similar studies of ICB plus chemotherapy******¥, the seemingly
higher responses achieved in our study may be attributed to differ-
encesinstudy designincludinginduction treatment with atezolizumab
monotherapy and total neoadjuvant treatment instead of periopera-
tive treatment.

Notably, the translational work associated with this study strongly
supports the added value of atezolizumab in neoadjuvant regimens
for G/GEJ cancers. Specifically, the observation that pretreatment
CD8'PD-1" TCl was predictive of response is consistent with immune
pressure being a determinant of efficacy of this treatment, in line
with a recent study in ICB-treated gastric cancer patients reporting a
strong association between clinical response to anti-PD-1/PD-L1 and
the proportion of CD8*PD-1'LAG3 T cells in proximity of tumor cells*~.
Second, and most importantly, our study design included a cycle of
monotherapy atezolizumab before combination with chemotherapy,
providing the opportunity to specifically capture the contribution
of anti-PD-L1 and the subsequent combination with chemotherapy.
The observed substantialimmune activation following atezolizumab
monotherapy and, by comparison, limited changes on subsequent
combination therapy, form direct evidence for the contribution of
PD-1/PD-L1axis blockade to the observed resculpting of the TME. The
increases in CD8" TCland immune-related gene expression following
atezolizumab monotherapy were most evident in responders, indi-
cating that analysis of the TME following the initial cycle of ICB may
provide valuable predictiveinsights about the efficacy of this treatment
strategy in individual patients. Nevertheless, it should be noted that
asingle dose of chemotherapy before the introduction of anti-PD-1in
gastric cancer patients has led to similar signs of immune activation®.
Therefore, although our findings are consistent with ICB potentially
priming the TME, a randomized comparison is warranted to clarify
these data. Furthermore, FOXP3 demonstrated asubstantial increasein
nonresponders following combination therapy, witha corresponding
significant differencein4 valuesin responders versus nonresponders.
Thesefindingsindicate that after chemotherapy, animmunosuppres-
sive TME with high T, cell infiltration potentially contributes to ICB
treatment failure and thus provides a topic for future investigation
that may help unravel mechanisms underlying nonresponse to ICB*’.

These observations, together with the predictive power of
CDS8'PD-1' T cells, form an independent layer of evidence, on top of
the clinical data, that atezolizumab has an additive effect together with
chemotherapy in eliciting responses in G/GE] cancers.

Importantly from the perspective of safety and feasibility, the
incidence of chemotherapy-related AEsin the PANDA study was compa-
rable to those reported in the FLOT-4A10 study*. Grade 3 irAEs occurred
inonly 14% of patients and were manageable, with symptoms resolving
completely. A notable difference in favor of the total neoadjuvant treat-
mentinthe PANDA study compared to standard-of-care perioperative
regimens with FLOT is the ability to complete all cycles of treatment
whengivenonlyinaneoadjuvant setting, whereas in previous studies
less than 50% of patients completed all adjuvant cycles of FLOT chemo-
therapy>*°. Inour study, all but one patient proceeded to surgery, with
an RO resection rate of 95% and a similar postoperative complication
rate compared to previous studies and real-world datafrom the Neth-
erlands®"®%, making this a well-tolerated treatment regimen with no
new safety signals compared to treatment without immunotherapy.

Limitations of our study include the small number of patients
and the single-arm design, making this a proof-of-concept study.
Regardless, immune activation on atezolizumab monotherapy was
unambiguous and most prominent in responding patients. Whether,
next to pretreatment CD8'PD-1"levels, the magnitude of thisimmune
activation could be used to distinguish responders from nonrespond-
erswill require analysisin alarger cohort. Furthermore, the observed
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high T, cell infiltration in nonresponders, together with emerging
evidence that T, cell-targeted approaches may enhance neoadjuvant
ICB efficacy, prompt further exploration in future studies®. Inaddition
tonext-generation anti-CTLA-4, which hasbeenshowntoimprove T,.,
cell depletion®*®, antibodies targeting CCRS, a chemokine receptor
selectively expressed onimmunosuppressive T, cellsin the TME, are
being developed and may provide new avenues®*®.

Overall, the promising high pathologic response rate and the
excellent survival of responders after neoadjuvant atezolizumab plus
chemotherapyin G/GEJ adenocarcinomawarrant validationinarand-
omized controlled study to draw definitive conclusions. Additionally,
onthebasis of the observation that atezolizumab monotherapy leads
to prominent changes in the TME, the question of whether selective
absence of chemotherapy during the first treatment cycle is causally
related to the observed high response rate may be explored.
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Methods

Patient population

Eligible patients were 18 years of age or older and had previously
untreated, histologically confirmed gastric or GEJ adenocarcinoma
that was deemed resectable and showed no signs of distant metas-
tases. Patients had an Eastern Cooperative Oncology Group (ECOG)
performance status of 0 or 1and adequate hematologic and end-organ
function. Key exclusion criteria were clinical or radiological signs of
esophageal perforation, immunodeficiency or immunosuppressive
treatment, active or history of autoimmune disease and/or history of
malignancy within 3 years before screening. Full inclusion and exclu-
sion criteria were as follows.

Inclusion criteria. Inclusion criteria were as follows:

» Signedinformed consent

« Primaryresectable, histologically confirmed gastric or GEJ
adenocarcinoma

« ECOG performance status of 0 or 1

+ Agel8orolder

» Nosigns of distant metastases

« Adequate hematologic and end-organ function, defined by the
following laboratory test results, obtained within 14 days before
initiation of study treatment:

«  Absolute neutrophil count > 1.5 x 10° per 1 (1,500 per pl) with-
out granulocyte colony-stimulating factor support

+ Lymphocyte count > 0.5 x10° per | (500 per pl)

+ Platelet count =100 x 10° per [ (100,000 per ul) without
transfusion

» Hemoglobin > 5,6 mmol per | (patients may be transfused to
meet this criterion)

« Aspartate aminotransferase, alanine aminotransferase and
alkaline phosphatase < 2.5 x upper limit of normal (ULN)

« Serum bilirubin < 1.5 x ULN except for patients with known
Gilbert disease: serum bilirubin level <3 x ULN

» Serum creatinine < 1.5 x ULN or Creatinine clearance > 40 ml
per min (calculated using the Cockcroft-Gault formula)

* Serumalbumin=25gper|

- For patients not receiving therapeutic anticoagulation:
international normalized ratio or activated partial thrombo-
plastintime <1.5 x ULN

- For patients receiving therapeutic anticoagulation: stable anti-
coagulant regimen

» CTscan of thorax and abdomen <4 weeks before registration.
PET scan and endoscopic ultrasound are required for GEJ tumors
and are optional for gastric cancers

- For diffuse-type gastric cancers, diagnostic laparoscopy should
be performed and show no signs of peritoneal metastases

- Patients must be willing to undergo esophagogastroduodenos-
copy and biopsies before start of treatment and during treat-
ment at defined time points

«  Women of childbearing potential (WOCBP) must have a negative
serum or urine pregnancy test (minimum sensitivity 25 IU per |
or equivalent units of human chorionic gonadotropin) within
14 days before the start of treatment

« Menwho are sexually active with WOCBP must use any contra-
ceptive method with a failure rate of less than 1% per year. Men
receiving atezolizumab and who are sexually active with WOCBP
will be instructed to adhere to contraception for a period of 31
weeks after the last dose of investigational product. Women who
are not of childbearing potential (that is, who are postmeno-
pausal or surgically sterile) as well as azoospermic men do not
require contraception

«  For WOCBP (postmenarcheal, has not reached a postmenopausal
state (=12 continuous months of amenorrhea with no identified

cause other than menopause) and has not undergone surgical
sterilization by removal of ovaries and/or uterus): agreement

to remain abstinent (refrain from heterosexual intercourse) or
use contraceptive methods with a failure rate of <1% per year
during the treatment period and for 5 months after the last dose
of atezolizumab (bilateral tubal ligation, male sterilization, hor-
monal contraceptives that inhibit ovulation, hormone-releasing
intrauterine devices and copper intrauterine devices).

Exclusion criteria. Exclusion criteria were as follows:

« Clinical symptoms or radiological suspicion of perforation

e Prior treatment for disease under study

« Signs or suspicion of metastatic disease

» Active or history of autoimmune disease or immune deficiency,
including, but not limited to, myasthenia gravis, myositis,
autoimmune hepatitis, systemic lupus erythematosus, rheuma-
toid arthritis, inflammatory bowel disease, antiphospholipid
antibody syndrome, Wegener granulomatosis, Sjogren syn-
drome, Guillain-Barré syndrome or multiple sclerosis. Patients
with a history of autoimmune-related hypothyroidism who are
on thyroid-replacement hormone are eligible for the study.
Patients with controlled Type 1 diabetes mellitus who are on an
insulin regimen are eligible for the study. Patients with eczema,
psoriasis, lichen simplex chronicus or vitiligo with dermato-
logic manifestations only (for example, patients with psoriatic
arthritis are excluded) are eligible for the study provided all of
the following conditions are met:

« Rashmust cover <10% of body surface area

« Diseaseis well controlled at baseline and requires only
low-potency topical corticosteroids

« Nooccurrence of acute exacerbations of the underlying
condition requiring psoralen plus ultraviolet A radiation,
methotrexate, retinoids, biologic agents, oral calcineurin
inhibitors or high-potency or oral corticosteroids in the
previous 12 months

» History of idiopathic pulmonary fibrosis, organizing pneumonia
(for example, bronchiolitis obliterans), drug-induced pneumo-
nitis or idiopathic pneumonitis or evidence of active pneumoni-
tis on screening chest CT scan. History of radiation pneumonitis
in the radiation field (fibrosis) is permitted

« Known active tuberculosis

« Significant cardiovascular disease (such as New York Heart Asso-
ciation Class Il or greater cardiac disease, myocardial infarction
or cerebrovascular accident) within 3 months before initiation
of study treatment, unstable arrhythmia or unstable angina

» Major surgical procedure other than diagnostic laparoscopy
within 4 weeks before initiation of study treatment or anticipa-
tion of need for a major surgical procedure, other than for this
diagnosis, during the study

« Severeinfection within 4 weeks before initiation of study treat-
ment, including, but not limited to, hospitalization for compli-
cations of infection, bacteremia or severe pneumonia

» Prior allogeneic stem cell or solid organ transplantation

« Anyother disease, metabolic dysfunction, physical examination
finding or clinical laboratory finding that contraindicates the
use of an investigational drug, may affect the interpretation of
the results or may render the patient at high risk from treatment
complications

« Treatment with a live, attenuated vaccine within 4 weeks before
initiation of study treatment or anticipation of need for such a
vaccine during atezolizumab treatment or within 5 months after
the last dose of atezolizumab

e Current treatment with anti-viral therapy for the hepatitis
Bvirus
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« Treatment with investigational therapy within 28 days before
initiation of study treatment

e Priortreatment with CD137 agonists or ICB therapies, including
anti-CTLA-4, anti-PD-1 and anti-PD-L1 therapeutic antibodies

« Treatment with systemic immunostimulatory agents (includ-
ing, but not limited to, interferon and interleukin 2 (IL-2)) within
4 weeks or 5 half-lives of the drug (whichever is longer) before
initiation of study treatment

« Conditions requiring systemic treatment with either corti-
costeroids (>10 mg daily prednisone equivalents) or other
immunosuppressive medications within 14 days of study drug
administration. Inhaled or topical steroids and adrenal replace-
ment doses >10 mg daily prednisone equivalents are permitted
in the absence of active autoimmune disease

- History of severe allergic anaphylactic reactions to chimeric or
humanized antibodies or fusion proteins.

« Known hypersensitivity to Chinese hamster ovary cell products
or to any component of the atezolizumab formulation

« Intercurrentillnesses, including, but not limited to, infections,
that are determined incompatible with the study treatment and
protocol by the study team

« Underlying medical conditions that will make the administra-
tion of the study drug hazardous or obscure the interpretation
of toxicity determination of AEs

« Positive test for hepatitis B surface antigen or hepatitis C virus
ribonucleic acid (HCV antibody) indicating acute or chronic
infection

« History of testing positive human immunodeficiency virus or
known acquired immunodeficiency syndrome (AIDS)

« History of uncontrolled medical or psychiatric illness.

« Psychological, familial, sociological or geographical condition
potentially hampering compliance with the study protocol and
follow-up schedule

- Pregnancy or breastfeeding or intention of becoming pregnant
during study treatment or within months after the last dose of
study treatment

« History of malignancy within 3 years before screening, with the
exception of malignancies with a negligible risk of metastasis
or death (for example, 5-year OS rate >90%), such as adequately
treated carcinoma in situ of the cervix, nonmelanoma skin
carcinoma, localized prostate cancer, ductal carcinomain situ
or Stage l uterine cancer

Study design
The PANDA study (Clinicaltrials.gov: NCT03448835; EudraCT number:
2017-003854-17) isasingle-arm, open-label, phase 2 study that was car-
ried out at the Netherlands Cancer Institute. Because of the exploratory
nature of this study, no formal sample size calculation was performed.
The present study aimed to include a total of 20 patients (Extended
DataFig.1).Sex and/or gender were not considered in the study design.
Patients were consulted in the outpatient clinic of the Netherlands
Cancer Institute. Long-term follow-up was performed either at the
outpatient clinic, by telephone or through telemedicine. Patients were
treated with one cycle of atezolizumab 1,200 mg monotherapy on day
1. At 3 weeks (+/-2 days) and with intervals of 3 weeks between each
cycle (weeks 3, 6,9 and12), patients received atotal of four combination
cycles consisting of atezolizumab 1,200 mg, docetaxel 50 mg m2and
oxaliplatin 100 mg m2intravenously at the beginning of each cycle,
plus oral capecitabine 850 mg mtwice daily on days1-14 (DOC-A) of
each cycle. Before docetaxel, patients received dexamethasone 8 mg
orally onthe day before and 4 mgintravenously on the day of infusion.
To avoid high doses of steroids, which may affect ICB efficacy, the
premedication dose of dexamethasone was lowered in comparison
to the usually prescribed 16 mg for 3 days. All treatment cycles were

given preoperatively, and patients received no standard adjuvant
treatment. Surgery was scheduled 6-9 weeks after the start of the
last treatment cycle. The type of surgical procedure was determined
predominantly on the basis of tumor location. Patients underwent
a transhiatal esophagectomy with gastric tube reconstruction and
cervical anastomosis or either subtotal gastrectomy with Billroth Il
reconstruction or total gastrectomy with Roux-and-Y reconstruction.
Inall patients, aformal lymphadenectomy was performed. The surgical
approach was open or minimally invasive.

Endpoints and statistics

Primary endpoints were safety and feasibility. Safety analyses were
performedinthe PP population defined as all patients whoreceived at
least one dose of the study drugs (atezolizumab, docetaxel, oxaliplatin
and capecitabine). Patients were monitored for (S)AEs until 100 days
after thelast dose of study treatment, and events were scored accord-
ing to the National Cancer Institute Common Terminology Criteria
for Adverse Events, v.4.03 (ref. 69). The most severe toxicity grade
over all cycles according to the National Cancer Institute Common
Terminology Criteria for Adverse Events v.4.03 was depicted per body
system. Safety was assessed by the occurrence of AEs, serious AEs and
treatment-related complications leading to delays in systemic treat-
mentand/or surgery past 9 weeks after start of the last treatment cycle.
Anastomoticleakage was defined as (1) clinical signs of asalivary fistula
and/or (2) endoscopic evidence of an anastomotic defect. Feasibility
was determined by adherence to the timeline according to the study
protocol.Secondary and translational endpoints were analyzed in the
PP population and included DFS calculated from the date of surgery,
OS calculated from the date of enrollment, radiologic tumor regression
assessed before cycle 4 of combination treatment, efficacy evaluated
by histopathological response to treatment and associations between
pathologic response and genomics, transcriptomics, IHC and IMC
findings and ctDNA, including the TMB, gene expression signatures
and TCI. Radiologic response assessment on CT was performed accord-
ing to RECIST v.1.1. In absence of measurable lesions, considering
that the primary tumor in a hollow organ cannot be assessed accord-
ing to RECIST 1.1, response assessment was provided in a descriptive
manner. FDG-PET images were analyzed for SUV,,,,, SUV ,¢an, SUV ek
MTV (calculated as volume with >50% SUV,,,,,) and TLG (calculated by
multiplying MTV with SUV,,...,). Patients who underwent an evalua-
tion scan were assigned to one of the following categories: complete
metabolic response (FDG-uptake indistinguishable from surrounding
background and less thanliver), near-complete response (FDG-uptake
similar or less than liver but still distinguishable from the rest of the
stomach because of prior knowledge of tumor location, therefore
possibly posttreatment inflammation rather than residual tumor),
partial response (>30% decrease in FDG-uptake compared to baseline),
nonresponse (FDG-uptake <30% of baseline) and progression (>30%
increase in FDG-uptake, size or new lesion).

Before the start of treatment, clinical stage was assessed by
physical examination, esophagoduodenoscopy with representative
biopsies from tumor and normal tissue, blood tests and CT scan of
thorax and abdomen. For GEJ tumors, endoscopic ultrasound and
fluorine-18-deoxyglucose positron emission tomography (FDG-PET)
CT werealso performed accordingtolocal guidelines. For cT3and cT4
gastric cancers, diagnostic laparoscopy was performed to exclude
signs of peritoneal metastases according to national guidelines. Base-
line clinical staging of primary tumors and lymph nodes was done
according to the 8" edition of the AJCC Cancer Staging Manual®.
Radiographic restaging was performed before the last cycle of treat-
ment by means of CT and/or FDG-PET CT. Blood samples, includ-
ing peripheral blood mononuclear cells (PBMCs), were obtained
before each treatment cycle, before surgery and during follow-up.
On-treatment endoscopy with biopsies was performed after the
initial cycle of atezolizumab monotherapy and again after the first
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cycle of DOC-A combination treatment. Posttreatment tissue was
obtained by surgical resection. All tissue samples were directly frozen
or formalin-fixed and embedded in paraffin.

Baseline characteristics are presented for the intention-to-treat
population defined as all patients enrolled in the study. Categorical
variables are summarized as absolute numbers and percentages and
continuous variables with medians and (interquartile) ranges. For
comparison of changes between subsequent time points, 4 expression
values were calculated by subtracting the RNA expression value at a
time point from the expression value at the subsequent time point.
For analyses of continuous biomarker variables (except differential
gene expression analysis; see below), differences between groups,
including responders versus nonresponders, were analyzed using the
Wilcoxon’s rank-sum test (Mann-Whitney U-test), whereas differences
between pre-, on- and posttreatment measurements in a group were
analyzed using Wilcoxon’s signed-rank test. Categorical variables
were compared between groups using Fisher’s exact test. For binary
outcomes, exact two-sided 95% Cls were calculated using the
Clopper-Pearson method. The Kaplan-Meier method was used to ana-
lyze time-to-eventendpoints. A log-rank test was used to compare DFS
and OS curves between responders and nonresponders; for compari-
sonofthe OS curves, landmark analysis was performed withalandmark
atthe date of surgery. A Cox survivalmodel was used to test theimpact
of CD8'PD-1" TCl on survival. Median follow-up time from enrollment
was calculated using the reverse Kaplan-Meier method. All reported
Pvalues are two-sided, and a P value of <0.05 was considered statisti-
cally significant. Analyses were performed using Rv.4.2.2 (ref. 70), with
the exception of genomic and transcriptomic biomarker analyses,
which were performed in Python v.3.7.4 with Jupyter Notebook v.6.0.1
(using the following packages: Pandas v.0.25.1 for data-frame opera-
tions, Scipy v.1.3.1 for statistical testing, Decimal v.1.70 for decimal
operations and Matplotlibv.3.2.1 plus Seaborn v.0.9.0 for visualization).
Experiments performed on patient-derived material were not repeated.

Study oversight

This study was conducted in accordance with the International
Conference on Harmonization Guideline for Good Clinical Practice
and the Declaration of Helsinki. The study protocol was approved
by the Institutional Review Board of the NKI. All patients provided
writteninformed consent before enrollment. There was no Data Safety
Monitoring Board.

Pathology assessments and IHC analyses

Formalin-fixed, paraffin-embedded (FFPE) sections were obtained
frombiopsies takenbefore and during treatment as well as from resec-
tion specimens. MMR status was determined in baseline tumor biopsies
by IHC for MLH1, PMS2, MSH2 and MSH6 performed on a BenchMark
Ultra autostainer (Ventana Medical Systems) according to manufac-
turer instructions. Briefly, paraffin sections were cut in 3 pm slides,
heated at 75 °C for 28 minutes and deparaffinized with EZ Prep solu-
tion (Ventana Medical Systems). Heat-induced antigen retrieval was
carried out using Cell Conditioning Solution 1 (CC1, Ventana Medical
Systems) for 4 minutes at 95 °C. MLH1 was detected with Ready-to-Use
M1 (6472966001, Roche); PMS2, 1:40 dilution, clone EP51 (M3647,
Agilent Technologies); MSH2, Ready-to-Use G219-1129 (5269270001,
Roche); MSH6, 1:50 dilution, EP49 (AC-0047, Abcam). Bound antibody
was detected using the OptiView DAB Detection Kit, and slides were
counterstained with Hematoxylin and Bluing Reagent (Ventana Medi-
cal Systems). Staining for MLH1, PMS2, MSH2 and MSH6 was scored as
present/positive if convincing nuclear staining in tumor cells with a
positive internal control was observed. The tumors were considered
MMR deficient if at least one of the stains was absent/negative. HER2
status was determined during routine diagnostic workup using initial
IHC testing, followed by ISH when the IHC result was 2+ (equivocal),
accordingto the guidelines formthe College of American Pathologists,

AmericanSociety for Clinical Pathology and American Society of Clini-
calOncology”.

Two experienced gastrointestinal pathologists performed histo-
pathologic examination of biopsies and resection specimens. Slides
were counterstained with Hematoxylin and Bluing Reagent (Ventana
Medical Systems). The entire resected tumor and all lymph nodes were
evaluated, and histopathologic tumor regression was assessed by esti-
matingthe percentage of RVTinthe macroscopically identifiable tumor
bed, as identified on routine hematoxylin and eosin (H&E) staining?.
Inaddition, regression was classified according to the Mandard tumor
regression grade (TRG)”% TRG1 (no residual tumor cells), TRG2 (rare
residual tumor cells, near-pCR), TRG3 (fibrosis outgrowing residual
tumor), TRG4 (residual tumor outgrowing fibrosis), TRGS (no tumor
regression). Inline with recommendations for pathologic assessment
of NSCLC and melanoma surgical specimens after neoadjuvantimmu-
notherapy, MPRwas defined as<10% RVT, corresponding to Mandard
TRGI1 (CR) or 2 (near-CR)”. Pathologic complete response (pCR) was
equivalent to Mandard TRG1 and was defined as 0% RVT in both the
primary tumor and lymphnodes. Partial response (PR) was defined as
50% or less RVT. When analyzing responders versus nonresponders,
patients with an MPR (<10% RVT) equivalent to Mandard TRG1,2 were
categorized as responders, and tumors with anon-MPR (>10% regres-
sion) equivalent to TRG3-5 were classified as nonresponders.

FFPE specimens were additionally assessed by IHC analysis of
CDS8, PD-L1and PD-1. IHC analysis after single stain of CD8 and PD-L1
was performed on a BenchMark Ultra autostainer (Ventana Medical
Systems). AnIHC double stain using CD8 and PD-1was performedona
Discovery Ultraautostainer. Briefly, paraffin sections were cutat3 pm,
heated at 75 °C for 28 minutes and deparaffinized in the instrument
with EZ Prep solution (Ventana Medical Systems). Heat-induced anti-
genretrieval was carried out using Cell Conditioning Solution 1 (CC1,
VentanaMedical Systems) for 32 minutes at 95 °C (CD8), 48 minutes at
95 °C (PD-L1) or 64 minutes at 95 °C. (PD-1/CD8 double).

CD8was detected using clone C8/144B (1:100 dilution, 32 minutes
at37°C, Agilent/DAKO, lot 41311427) and PD-L1, clone 22C3 (1:40 dilu-
tion, 1h at room temperature, Agilent/DAKO, lot 11295663). Bound
antibody was detected using the OptiView DAB DetectionKit (Ventana
Medical Systems). Slides were counterstained with Hematoxylin and
Bluing Reagent (Ventana Medical Systems).

For the double staining of PD-1(yellow) followed by CD8 (purple),
PD-1was detected inthe first sequence using clone CAL20 (1:250 dilu-
tion, 1 h at room temperature, Abcam, lot GR3361014-6). PD-1 bound
antibody was visualized using Anti-Mouse NP (Ventana Medical sys-
tems) for 12 minutes at 37 °C followed by Anti-NP AP (Ventana Medical
systems) for 12 minutes at 370 °C, followed by the Discovery Yellow
detection kit (Ventana Medical Systems). In the second sequence of
the double staining procedure, CD8 was detected using clone C8/144B
(1:200 dilution, 32 minutes at 37 °C, Agilent). CD8 was visualized using
Anti-Mouse HQ (Ventana Medical systems) for 12 minutes at 370 °C
followed by Anti-HQ HRP (Ventana Medical systems) for 12 minutes at
37 °C, followed by the Discovery Purple Detection Kit (Ventana Medi-
cal Systems). Slides were counterstained with Hematoxylin and Bluing
Reagent (Ventana Medical Systems).

APANNORAMIC 1000 scanner from 3DHISTECH was used to scan
the slides at a x40 magnification. Digital imaging analysis was per-
formed using HALO imaging analysis software v.3.4.2986.185 (Indica
Labs). Tumor areas were manually annotated by anexperienced pathol-
ogist. Results presented here were obtained by measuring the entire
tumor area followed by quantification of stained cells in these areas.
For the CD8" single stain, quantification of CD8" cells was performed
using a custom trained Cellpose”™ network in QuPath v.0.3.2 using
QuPath-extension-cellpose v.0.5.1(ref. 75). For the double stain, CD8"*,
PD-1" and CD8'PD-1" cells were quantified using HALO algorithms,
and figures (Fig. 3a,c) depicting this analysis were generated using
GraphPad Prismv.9.0.2.
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IMC

IMC was performed on biopsies obtained at baseline and after mono-
therapy atezolizumab from a subset of patients with pMMR tumors,
including nonresponders and responders with a pCR. FFPE sections
of 4-umthickness were subjected to IMC and labeled with 40 antibod-
ies against cellular targets as described previously’. In short, tissue
sections were deparaffinized by consecutive incubationsin Xylol and
ethanol, followed by heat-mediated antigen retrieval in high-pH Anti-
gen Retrieval Solution (eBioscience, Thermo Fisher Scientific). After
allowing the slides to cool for 1 hour, the sections were blocked with
SuperBlock solution (Thermo Fisher Scientific) for 30 minutes and
incubated overnight at 4 °C with anti-CD4 and anti-TCR gamma delta
(antibody details are available in Supplementary Table 3). The next
day, antibodies were washed away with PSB (supplemented with 1%
BSA and 0.05% Tween) and sections were incubated 1 hour with metal
conjugated Anti-Mouse (ab6708, Abcam) and Anti-Rabbit (ab6702,
Abcam) antibodies. Next, sections were incubated for 5hours atroom
temperature withanantibody mix containing the first set of antibodies
followed by overnight incubation at 4 °C with the second set of anti-
bodies. All antibodies were previously tested for optimal incubation
temperature. Finally, sections were incubated for 5 minutes with DNA
Intercalator Iridium (1.25 uM, Fluidigm), washed with PBS and water,
and air-dried.

For each section, depending on tissue size, one or two 1 mm?
regions of interest were ablated on the Hyperion mass cytometry
imaging system (Fluidigm). Data quality was visually inspected using
the Fluidigm MCD viewer (v.1.0.560.6) and exported as multi-tifffiles.
Images were normalized by rescaling allimages and markers between
0 and 1followed by a two-step denoising where first a minimal signal
threshold of 0.1 was set followed by per-marker percentile normaliza-
tion. Cell segmentation masks were generated from the normalized
images using CellProfiler (v.4.2.1). First nuclei were defined using the
DNA images to which membranes were added using keratin, vimentin
and CD45images. Single-cell marker expression flow cytometry stand-
ardfiles were generated by combining the normalized images with cell
segmentation masks inImaCytE”’, and after dimensionality reduction,
cells were clustered by mean-shift clustering in Cytosplore (v.2.3.1)7%.
Clusters were mapped back on the images and visually confirmed by
comparison with rawimages in the MCD viewer. Finally, cluster abun-
dances per image were combined per sample and visualized as cells
per mm?. Because of low abundance of CD103 and Granzyme B, no
distinct clusters were formed, and thus their presence was determined
by counting the number of cells with amarker expression above 0.2in
each T cell cluster. Spatial cell-cellinteractions were defined as all cells
localizing within a 10-um distance of the cell of interest. To account
for random localization of highly abundant cells, a 500-iteration per-
mutation test was used in which all cells were randomly distributed
throughout the image. All interactions with a Z-score greater than
2 were considered specific. Data were combined and visualized in
RStudio (R v.4.2.0) using the ggplot2 (v.3.4.0) and ComplexHeatmap
(v.2.14.0) packages.

Genomic and transcriptomic analyses

Whole-exome sequencing was performed on pretreatment tumor
samples and matched germline DNA from PBMCs. RNA was isolated
from tumor samples taken pre-, on- and posttreatment to determine
expression of various individual genes as well asimmune-related gene
signatures.

DNA and RNA were extracted from fresh-frozen samples obtained
pre- and posttreatment. For isolation, 10-um slides were cutin a cry-
ostat. Ofthe10-pmsslides, one 5-umslide was cut and stained with H&E
to assess tumor percentage. Samples were selected for isolation on
the basis of a tumor percentage of at least 10%, except for posttreat-
ment samples from patients with an MPR or pCR. DNA and RNA were
isolated simultaneously with the AlIPrep DNA/RNA/miRNA Universal

Isolation Kit (Qiagen, 80224) by using the QlAcube according to manu-
facturer’s protocol.

DNA sequencing. The total amount of DNA was quantified on the
Nanodrop 2000 (Thermo Fisher), and the amount of double-stranded
DNAinthe genomic samples was quantified using the Qubit dSSDNAHS
Assay Kit (Invitrogen, cat. no. Q32851). Amaximum amount 0of 2,000 ng
double-stranded genomic DNA was fragmented by Covaris shearing to
obtainfragmentsizes 0of200-300 bp. Samples were purified using 2x
Agencourt AMPure XP PCR purification beads according to the manu-
facturer’sinstructions (Beckman Coulter, cat.no. A63881). The sheared
DNA samples were quantified and qualified on a BioAnalyzer system
usingthe DNA7500 assay kit (Agilent Technologies, cat.no.5067-1506).
With amaximum input micrograms of sheared DNA, library prepara-
tion for Illumina sequencing was performed using the KAPAHTP Prep
Kit (KAPA Biosystems, KK8234). During library amplification, four PCR
cycleswere performedto obtain enough yield for exome capture. After
library preparation, the libraries were cleaned using 1x AMPure XP
beads. AllDNA libraries were analyzed on a BioAnalyzer system using
the DNA7500 chips to determine the concentration. Four pools of ten
samples were created using 500 ng of each indexed sample. The pool
was captured with an xGen Exome V2.0 probe (IDT, cat. no.10005152)
following the IDT xGen capture (IDT, cat. no.1080577). After capture,
the pool was amplified by ten PCR cycles and purified with Ampure
XP beads. The pool was diluted to a final concentration of 10 nM and
thensubjected to sequencing on anIlllumina Novaseq 6000 machine
with an S1 flowcell (sequenced at paired-end 100 bp) according to
the manufacturer’s instructions. After paired-end adapter trimming
using SeqPurge (v.2019 09), samples were aligned to the human refer-
ence genome (GRCh38) with the BWA (v.0.7.17) MEM algorithm, and
UmiAwareMarkDuplicatesWithMateCigar (Genome Analysis Toolkit
pipeline, v.4.2) was used to indicate the duplicate status. BaseRecali-
brator (Genome Analysis Toolkit pipeline, v.4.2.) was run to readjust
qualities after alignment, taking into account common SNPs (dbSNP
v.151). Somatic mutation calling was performed using Mutect2 with
defaultsettings; however, as Mutect2’s per-patient thresholds for muta-
tion calling limits the interpatient comparability of the TMB, we set a
uniform mutation calling threshold of TLOD > 7.5to ensure consistency
about the specificity of mutation calls across all samples. For each
patient, the TMB was calculated on the basis of whole-exome sequenc-
ing as the total number of nonsynonymous somatic mutations divided
by the number of protein coding megabases with at least 25x sequenc-
ing coverage for the sample. To characterize the mutational driver
landscape of the cohort, we considered all nonsynonymous muta-
tions affecting oncogenes and tumor suppressorsin the cancer-driver
catalog, as previously defined”. For each sample, the activity of
Pan-Cancer Analysis of Whole Genomes mutational signatures®°
was calculated with the R package mutSigExtractor, v.1.28 (https://
github.com/UMCUGenetics/mutSigExtractor). Consistent with similar
workinthe field*®, we considered interpretable mutational signatures
associated with known biology: age (SBS1, SBS5), apolipoprotein B
mRNA-editing enzyme, catalytic polypeptide activity (SBS2, SBS13),
ultraviolet light (SBS7a, SBS7b, SBS7c, SBS7d), tobacco exposure
(SBS4), homologous recombination deficiency (SBS3), dIMMR (SBS6,
SBS15, SBS20, SBS26), nucleotide excision repair deficiency (SBSS8),
DNA proofreading deficiency (SBS10a, SBS10b) and base excision
repair deficiency (SBS18).

RNA sequencing. Quality and quantity of the total RNA was assessed
by the 2100 Bioanalyzer using a Nano chip (Agilent). The percent-
age of RNA fragments >200 nt fragment distribution values (DV200)
were determined using the region analysis method according to
the manufacturer’s instructions (Illumina, technical note 470-2014-
001). Strand-specific libraries were generated using the TruSeq RNA
Exome Library Prep Kit (Illumina) according to the manufacturer’s
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instructions (Illumina, no.1000000039582v01). Briefly, total RNA was
random primed and reverse-transcribed using SuperScript Il Reverse
Transcriptase (Invitrogen, part no. 18064-014) with the addition of
Actinomycin D. Strand synthesis was performed using Polymerasel and
RNaseH, replacing deoxythymidine triphosphate with deoxyuridine
triphosphate. The generated cDNA fragments were 3’ end adenylated
and ligated to Illlumina Paired-End sequencing adapters and subse-
quently amplified by 15 cycles of PCR. The libraries were validated on
a 2100 Bioanalyzer using a 7500 chip (Agilent) followed by 1-4 plex
library pooling containing up to 200 ng of each sample.

The pooled libraries were enriched for target regions using the
probe Coding Exome Oligos set (CEX, 45 MB) according to the manu-
facture’s instructions (Illumina, no. 1000000039582v01). Briefly,
cDNA libraries and biotin-labeled capture probes were combined
and hybridized using a denaturation step of 95 °C for 10 minutes and
anincubation step from 94 °C to 58 °C having aramp of 18 cycles with
1 minuteincubationand 2 °C per cycle. The hybridized target regions
were captured using streptavidin magnetic beads and subjected to
two stringency washes, an elution step and a second round of enrich-
ment followed by cleanup using AMPure XP beads (Beckman, A63881)
and PCR amplification of ten cycles. The target-enriched pools were
analyzed ona2100 Bioanalyzer using a 7500 chip (Agilent), diluted and
subsequently pooled equimolar into a multiplex sequencing pool. The
libraries were sequenced with 54 paired-end reads onaNovaSeq6000
using an S1 Reagent Kit v.1.5 (100 cycles) (Illumina). Adapter trim-
ming of stranded, paired-end RNAseq reads was performed using
SeqPurge (v.2019 09). Then, samples were aligned to the human refer-
ence genome (GRCh38) using hisat2 (v.2.1.0). Strand-specific counts
per gene were calculated using gensum (https://github.com/NKI-GCF/
gensum) and Ensembl gtf GRCh38.102.

The expression of specific marker gene sets was calculated as
the mean log,(reads per million) expression of the genes in the gene
set (Supplementary Table 4 and refs. 36,44,81,82). To compare tem-
poral expression changes between response groups, we calculated
patient-specific A expression values of genes and gene sets by calculat-
ing theincrease in log,(reads per million) expression over time.

Personalized circulating tumor DNA analysis

WES was performed on tumor tissue and matched normal DNA. After
quality metrics and sample concordance checks, WES data were used
for somatic variant calling using Natera’s proprietary bioinformatics
pipeline®. This method allows for filtering out putative germline and
clonal hematopoiesis of indeterminate potential mutations. A prior-
itized list of up to 16 somatic single-nucleotide variants were selected,
for which PCR amplicons were designed and applied to cfDNA of all
patients®,

A median of 22.5 ng cell-free DNA was extracted from a median
of 3.6 ml (range 0.9-4.9 ml) of plasma. Following this, cfDNA libraries
were prepared using up to 66 ng cfDNA and subjected to end-repairing,
A-tailing and adapter ligation, followed by amplification and purifica-
tion of the product. Following library preparation, amultiplex targeted
PCR was conducted on an aliquot of the cfDNA library, followed by
amplicon-based sequencing at an average depth of >100,000 on the
Novaseq platform. To consider a plasma sample ctDNA-positive, a cut-
off of >2 variants detected out of 16 was used as a criterion. The ctDNA
concentration was measured and reported as mean tumor molecules
per milliliter of plasma®.

Statistical analysis for ctDNA

Fisher’s exact test was used to compare categorical variables. Survival
analyses were carried out with R software v.4.2.2 using the survival,
survminer and coxphf packages. The Kaplan-Meier method was used
to estimate the survival distribution. Differences between groups were
tested using the log-rank test. Toaccount forimmortal time bias, aland-
mark analysis was performed at 12 weeks after surgery, whereby DFS

was measured starting from day 90. Analysis of ctDNA concentration
between responders and nonresponders at a post-neoadjuvant time
point was performed using the ggplot2 package v.3.3.6 in R v.4.2.2.
Pvalues < 0.05were considered statistically significant. Box plots were
generated using the ggplot2 package v.3.3.6inRv.4.2.2.

Reporting summary
Furtherinformation onresearch designisavailable in the Nature Port-
folio Reporting Summary linked to this article.

Data availability

The RNA and DNA sequencing data will be deposited in the European
Genome-Phenome Archive under EGAS00001007676, and these data
will be shared on reasonable request for academic use and within the
limitations of the provided informed consent and under General Data
Protection Regulation law. All data requests supported by the principal
investigator/corresponding author of the study will be reviewed by the
institutional review board of the NKI. The researcher willneed tosigna
dataaccessagreementwith the NKI after approval. The formtorequest
access canbe found at https://ega.nki.nl/and will be centrally reviewed
through repository@nki.nl, which will contact the corresponding
author (M.C.). Estimated time to response is 2-4 weeks.
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Pre-operative treatment

Endoscopy + biopsies

(PET)-CT-scan Endoscopy + biopsies | | Endoscopy + biopsies (PET)-CT-scan | ’ Surgical resection

Atezo mono cycle # 1

Atezolizumab

Capecitabine/Oxaliplatin/
Docetaxel

CCycle#1 CCycle #2 CCycle #3 CCycle # 4

Ccycle= combination cycle of atezo + cap/ox/doc
Extended Data Fig. 1| Study design. At baseline, all patients underwent capecitabine 850 mg. Representative biopsies from tumor and normal tissue
FDG-PET and CT-scan as well as esophagoduodenoscopy with representative were obtained after monotherapy atezolizumab and after the first combination
biopsies from tumor and normal tissue. Patients were treated with one cycle cycle. Surgery was performed 6-9 weeks after the last treatment cycle and tissue
of atezolizumab 1200 mg monotherapy, followed by four combination cycles was obtained from surgical resection specimens.
of atezolizumab 1200 mg, docetaxel 50 mg/m2, oxaliplatin100 mg/m2 and
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Assessed for eligibility (n=27)

Excluded (n=6)
- Declined to participate (n=3)
- Did not meet inclusion criteria (n=3)

Y

Y

21 patients enrolled in ITT

- Did not receive >1 dose of all study
_| drugs (n=1)

| - Received =1 dose of all study drugs
(n=20)

Y

20 patients in PP

- Atezolizumab discontinued after one
~| cycle (n=1)

19 patients in translational analysis

Extended Data Fig. 2| Consort diagram. Flowchart of patients included in the PANDA study. The intention-to-treat (ITT) population was defined as all patients
enrolled in the study. The per-protocol (PP) population was defined as all patients who received at least one dose of the study drugs (atezolizumab, docetaxel,
oxaliplatin and capecitabine).
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Extended Data Fig. 3| Kaplan-Meier plots of disease-free and overall survival
for responders versus nonresponders. a, DFS for pMMR pathologic responders
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99 total ctDNA time points *Baseline: anytime post-diagnostic biopsy and before neoadjuvant therapy. **Pre-surgery: after the end of neoadjuvant
treatment and prior to surgery. ***MRD: After surgery and before the start of adjuvant treatment (if any) - median time from surgery to MRD
timepoint 6.29 weeks (Range: 5 - 12.14) *Follow-up Period : median 29.3 (Range: 3 - 36) months post-surgery.
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Extended Data Fig. 4| Cohort characteristics and ctDNA testing details. a, Flow diagram depicting an overview of the number of patients and plasma samples
sorted by stage. b, Longitudinal representation of ctDNA results for analyzed samples (n = 20). Patients are ordered by decreasing clinical follow-up.
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Extended Data Fig. 5| Association of ctDNA testing with clinical outcomes Significance was tested using one-sided Fisher’s exact test. d,e, Kaplan-Meier
and pathologicresponse. a, Kaplan-Meier plots of DFS stratified by ctDNA- plots of DFS stratified by ctDNA-negative and ctDNA-positive status at the MRD
negative and ctDNA-positive status or b, ctDNA clearance and no clearance (d) or follow-up (e) time point post-surgery. To account forimmortal time bias,
at the pre-surgery time point. HRs and 95% Cls were calculated using the Cox alandmark analysis was performed 12 weeks after surgery (d) and from the last
proportional hazard model. Significance was calculated using the two-sided log- ctDNA follow-up time point after surgery (e). HRs and 95% Cls were calculated
rank test. ¢, Association between pathologic response and ctDNA dynamics from using the Cox Regression with Firth’s Penalized Likelihood hazard model.
baseline, after monotherapy atezolizumab and before surgery (n =16). Group Significance was calculated using a two-sided log-rank test. MRD: Molecular
allocation: ctDNA +/+/+:no clearance prior to surgery; ctDNA +/+/-: clearance Residual Disease.

prior to surgery; ctDNA +/-/-: clearance after monotherapy atezolizumab.
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Extended Data Table 1| Clinical staging, histopathologic findings and tumor mutational burden (TMB) per patient

Patient | Lauren MMR Siewert Pretreatment | PD-L1 | Posttreatment Posttreatment TMBT

classification status | type clinical TN CPS residual viable pathologic TNM

stage* (AJCC tumor (%) staging
stage®®) (Mandard”?)

18 Indeterminate, | pMMR | Stomach | cT4aN1 (lllA) | 5.09 70% ypT3NO (4) 2.9

EBV*
2 Intestinal pMMR | Type 3 cT3N1 (lIB) 7.04 0% ypTONO (1) 4.9
4 Intestinal pMMR | Type 3 cT3N1 (lIB) 13.00 | 60% ypT3NO (4) 6.1
5 Intestinal pMMR | Type 3 cT3N3 (l1IB) 0.97 0% ypTONO (1) 5.7
6 Diffuse pMMR | Type 3 cT3NO (lIA) 1.72 1% ypT2N1 (2) 0.5
7 Diffuse pMMR | Stomach | cT4aNoO (lIB) 2.00 60% ypT4aN1 (4) 0.7
8 Intestinal dMMR | Type 3 cT2N1 (11A) 5.92 0% ypTONO (1) 25.2
9 Intestinal pMMR | Type 3 cT3N2(IIIA) 7.71 0% ypTONO (1) 4.5
10 Intestinal pMMR | Type 2 cT2NO (IB) 0.50 2% ypT1NO (2) 5.8
149 Intestinal pMMR | Type 3 cT3N1 (liB) 10.56 | 0% ypTONO (1) 8.1
12 Diffuse pMMR | Stomach | cT2NO (IB) 6.17 2% ypT3NO (2) 3.4
13 Mixed pMMR | Stomach | cT3N1 (lIB) 1.90 60% ypT4aNo (4) 3.6
14 Intestinal pMMR | Type 2 cT3N2 (I11A) 8.75 60% ypT2NO (4) 2.0
15 Intestinal pMMR | Type 2 cT3N2 (IlIA) 9.72 0% ypTONO (1) 4.2
17 Intestinal pMMR | Type 2 cT3N1 (lIB) 10.69 | 60% ypT3N1 (4) 6.7
19" Intestinal dMMR | Type 2 cT3N1 (lIB) - . - =
22 Intestinal pMMR | Type 2 cT3N2 (II1A) 3.75 10% ypT3N1 (2) 1.9
23 Intestinal dMMR | Stomach | cT3N1 (lIB) 5.79 0% ypTONO (1) 43.6
25 Intestinal pMMR | Type1l cT3N1 (lIB) 8.30 0% ypTONO (1) 3.0
26% Intestinal pMMR | Type 2 cT2N1 (lIA) 5.67 <1% ypTON2 (1) 5.4
27 Intestinal pMMR | Type 2 cT3NO (IIA) 29.17 | 0% ypTONO (1) 4.1
* Clinical staging was assessed using (PET) CT-scan +/- endoscopic ultrasound. TTMB is defined as the number of non-
synonymous mutations per megabase of protein coding genome. ¥ Patient 1 received only a single cycle of atezolizumab and
was excluded from translational analyses. " Patient 19 did not undergo surgery due to treatment unrelated death shortly
after the first treatment cycle and was excluded from translational and efficacy analyses. # Patient 26 had a pCR in the
primary tumor but <1% RVT in lymph nodes and classified as an MPR.
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Extended Data Table 2 | Dose delays, dose reductions and dose omissions per drug in each treatment cycle per patientin
the per protocol population (n=20)

Pt Monotherapy Cycle #1 Cycle #2 Cycle #3 Cycle #4
atezolizumab DOC-A DOC-A DOC-A DOC-A
1 - A: omitted A: omitted A: omitted A: omitted
D, O, C: delayed | (suspected ir- (suspected ir- (suspected ir-
(suspected ir- meningitis + meningitis + meningitis +
meningitis + hepatitis) hepatitis) hepatitis)
hepatitis)
5 - - D: omitted D: omitted D: reduced
(elevated (elevated (elevated
ALT/AST) ALT/AST) ALT/AST)
7 - - - C: reduced (PPE) | C: reduced (PPE)
8 - - - C: reduced (PPE) | C: reduced (PPE)
10 | - - - D, O, C: reduced | D, O, C: reduced
(febrile (febrile
neutropenia) neutropenia)
11 | - - - - D, O, C: reduced
(febrile
neutropenia +
diarrhea)
13 |- C: omitted - - -
(patient
adherence)
This table shows patients with dose alterations, including dose delays of >7 days, dose reductions as
compared to baseline dose, and dose omissions. Alterations are shown per study drug in each
treatment cycle, including the reason for alteration of the treatment cycle.
Patients without alterations are not shown, which are patients: 2, 4, 6, 9, 12, 14-27.
Pt: patient; DOC-A: combination cycle of docetaxel, oxaliplatin, capecitabine and atezolizumab; A:
atezolizumab; D: docetaxel; O: oxaliplatin; C: capecitabine; ir: immune-related; PPE: palmar-plantar
erythrodysesthesia
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Extended Data Table 3 | Chemotherapy-related adverse events (n=20)

Number of patients with event (%)

Grade 1 Grade 2 Grade 3
Any adverse event 16 (80%) 7 (35%) 4 (20%)
Peripheral sensory 6 (30%) 2 (10%) -
neuropathy
Nausea 6 (30%) 1 (5%) -
Palmar plantar 4 (20%) 1(5%) -
erythrodysesthesia
Elevated ALT and/or AST | 2 (10%) 2 (10%) .
Fatigue 4 (20%) - -
Diarrhea 2 (10%) 1(5%)
Febrile neutropenia - - 3 (15%)
Fever - 3 (15%) -
Anemia 1(5%) - -
Arthralgia - 1 (5%)
Edema 1 (5%) - -
Infusion related reaction | - 1(5%) -
Malaise 1 (5%) - -
Mucositis 1 (5%) - -
Photosensitivity 1(5%) - -
Rash maculopapular 1 (5%) - -
This table sums up all chemotherapy-related adverse events in patients who received chemotherapy
(n=20). The total of percentages of all adverse events is more than 100% due to multiple events in
patients.
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Extended Data Table 4 | Surgery-related adverse events (n=20)

Number of patients with event (%)

Grade 1 Grade 2 Grade 3 Grade 4

Any adverse event - 3 (15%) 9 (45%) 1 (5%)
Anastomotic leak - 1 (5%) 2 (10%) -
Recurrent laryngeal - 1 (5%) 1(5%) -
nerve palsy

Wound infection - - 2 (10%) -
Abdominal pain - - 1 (5%) -
Diarrhea - 1 (5%) - -
Gastric bleeding - - 1(5%) -
Pneumonia - - 1(5%) -
Sepsis - - - 1(5%)
SIRS - - 1 (5%) -

events in patients.

This table sums up all surgery-related adverse events in patients who underwent surgery
(n=20). The total of percentages of all adverse events is more than 100% due to multiple
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Extended Data Table 5 | Pathologic response rate

Per protocol population | Patients with a Intention-to-treat
(n=20) pMMR tumor population*
(n=18) (n=21)

Pathologic response 14/20; 70% (95% Cl 46- 12/18; 67% (95% Cl | 14/21; 67% (95% Cl 43-
(Mandard TRG1-2) 88%) 41-87%) 85%)
Pathologic complete 9/20; 45% (95% ClI 23- 7/18; 39% (95% ClI 9/21; 43% (95% Cl 22-
response 68%) 17-64%) 66%)
(Mandard TRG1)
* The one patient excluded from the per protocol population did not undergo surgery and was
considered as a pathologic nonresponder in this calculation.

Nature Medicine


http://www.nature.com/naturemedicine

nature portfolio

Corresponding author(s): M. Chalabi

Last updated by author(s): Dec 22, 2023

Reporting Summary

Nature Portfolio wishes to improve the reproducibility of the work that we publish. This form provides structure for consistency and transparency
in reporting. For further information on Nature Portfolio policies, see our Editorial Policies and the Editorial Policy Checklist.

Statistics

For all statistical analyses, confirm that the following items are present in the figure legend, table legend, main text, or Methods section.

Confirmed

>
S~
Q

The exact sample size (n) for each experimental group/condition, given as a discrete number and unit of measurement
|X| A statement on whether measurements were taken from distinct samples or whether the same sample was measured repeatedly

The statistical test(s) used AND whether they are one- or two-sided
N Only common tests should be described solely by name; describe more complex techniques in the Methods section.

A description of all covariates tested
|X| A description of any assumptions or corrections, such as tests of normality and adjustment for multiple comparisons

A full description of the statistical parameters including central tendency (e.g. means) or other basic estimates (e.g. regression coefficient)
2~ AND variation (e.g. standard deviation) or associated estimates of uncertainty (e.g. confidence intervals)

For null hypothesis testing, the test statistic (e.g. F, t, r) with confidence intervals, effect sizes, degrees of freedom and P value noted
N Give P values as exact values whenever suitable.

|:| For Bayesian analysis, information on the choice of priors and Markov chain Monte Carlo settings

|:| For hierarchical and complex designs, identification of the appropriate level for tests and full reporting of outcomes

OXX 00 0000 01 ol

|X| Estimates of effect sizes (e.g. Cohen's d, Pearson's r), indicating how they were calculated

Our web collection on statistics for biologists contains articles on many of the points above.

Software and code

Policy information about availability of computer code

Data collection  TENALEA clinical trial data management system

Data analysis R version 4.2.2 with the following packages: survival, survminer, coxphf, ggplot2 v3.3.6, mutSigExtractor 1.28 (https://github.com/
UMCUGenetics/mutSigExtractor). R v4.2.0 with packages: ComplexHeatmap v2.14.0, ggplot v3.4.0.
Python 3 version 3.7.4 with Jupyter Notebook version 6.0.1, with the following packages: pandas 0.25.1; scipy 1.3.1; matplotlib 3.2.1; seaborn
0.9.0.
GraphPad Prism 9.0.2; HALOTM image analysis software 3.4.2986.185 (Indica Labs, Corrales, NM), QuPath 0.3.2; Qupath-extension-cellpose
0.5.1; Seqgpurge 2019 09; bwa-mem 0.7.17; GATK 4.2; Mutect2 (tool in GATK); UmiAwareMarkDuplicatesWithMateCigar (tool in GATK);
BaseRecalibrator (tool in GATK); dbSNP version 151 (tool in GATK); hisat2 2.1.0; Gensum (https://github.com/NKI-GCF/gensum).

For manuscripts utilizing custom algorithms or software that are central to the research but not yet described in published literature, software must be made available to editors and
reviewers. We strongly encourage code deposition in a community repository (e.g. GitHub). See the Nature Portfolio guidelines for submitting code & software for further information.

>
Q
Q
c
@
O
]
=
o
=
—
®
©O
]
=
S
(e}
wv
c
3
3
Q
<




Data

Policy information about availability of data
All manuscripts must include a data availability statement. This statement should provide the following information, where applicable:

- Accession codes, unique identifiers, or web links for publicly available datasets
- A description of any restrictions on data availability

- For clinical datasets or third party data, please ensure that the statement adheres to our policy

DNA and RNA sequencing data will be deposited into a repository on the European Genome archive (EGA) under EGASO0001007676, and these data will be made
available for academic use upon reasonable request and within the confinements of the informed consent and in accordance with General Data Protection
Regulation (GDPR).

The EGA accession number will be provided once this is available. The data are currently being uploaded.

Human research participants

Policy information about studies involving human research participants and Sex and Gender in Research.

Reporting on sex and gender The study protocol did not include pre-specified sex- or gender-based analyses. Patients were included regardless of sex or
gender.

Population characteristics Eligible patients were at least 18 years with no maximum age (included patients were aged 46 to 76 years), were included
regardless of sex and/or gender (included patients: 90% male, 10% female), and had previously untreated and primary
resectable, histologically confirmed gastric or gastroesophageal junction adenocarcinoma without signs of distant
metastases. All patients had an Eastern Cooperative Oncology Group performance status score of O or 1 and adequate
hematologic and end-organ function. Key exclusion criteria were clinical symptoms or radiologic suspicion of perforation,
active or history of autoimmune disease or immune deficiency, or history of malignancy within 3 years prior to screening
(except malignancies with a negligible risk of metastasis or death).

The baseline characteristics of patients included in this trial are outlined in Table 1 of the manuscript.

Recruitment Patients that presented with initial diagnosis of gastric/gastroesophagel junction cancer, either at our center or referred from
other centers, and who were potentially eligible for this study were were informed of this and other studies for which they
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analyses aiming to dissect the tumor microenvironment, patients who did not receive any of the intended treatment cycles of combination
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Blinding No blinding was performed as all patients were allocated to receive 1 cycle atezolizumab followed by 4 cycles of atezolizumab, capecitabine,
docetaxel, oxaliplatin and docetaxel.
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Materials & experimental systems Methods
n/a | Involved in the study n/a | Involved in the study
|:| IZI Antibodies IZI D ChIP-seq
IZI |:| Eukaryotic cell lines IZI D Flow cytometry
IZI |:| Palaeontology and archaeology IZI D MRI-based neuroimaging
IZI |:| Animals and other organisms
|:| IZI Clinical data
XI|[] pual use research of concern
Antibodies
Antibodies used Immunohistochemistry (IHC):

e MLH1 Ready-to-use (=undiluted), M1, 6472966001, LotNo: g09887, Roche Diagnostics, Tucson, AZ, United States of America
* MSH2, Ready-to-Use (=undiluted), G219-1129, 5269270001, LotNo 2018: V0001229, LotNo 2019: V0001244, V0001272,
V0001273, f06034, F1125, f17180. LotNo 2020: f15301, f19415, f29067. 2021 LotNo: g07854, g17138, g32360, h05779, h03163,
h05779, h12642 Roche Diagnostics, Tucson, AZ, United States of America

* MSH®6, 1/50 dilution, EP49, AC-0047, LotNo: 19060401, 20021305, Abcam, Cambridge, United Kingdom

e Prior to August 2021: PMS2 Ready-to-use (=undiluted), clone EPR3947, 7604531 LotNo 2018: V0000986, V0001061, V0001217,
V0001251, V0001198, V0001253, LotNo 2019: V0001253, FO1588M, FO60406M, FO8243M, FO9828M, FO5846M, FO7456M, LotNo
2020: F16520, F19021, F25056, G03551, G10164 2021: G21216, G10165, GO5452, G32555, G33341, G19245,H000178, Roche
Diagnostics, Tucson, AZ, United States of America

e Since August 2021: PMS2, 1/40 dilution, clone EP51, M3647, LotNo: 11286862, Agilent/DAKO, Santa Clara, CA, United States of
America

* CD8 clone CD8/144B, 1/100 dilution, M710301-2, LotNo: 41311427, Agilent/DAKO, Santa Clara, CA, United States of America
* PD-1 clone CAL20, 1/250 dilution, ab237728, LotNo: GR3361014-6, AbCam, Cambridge, United Kingdom

e PD-L1 clone 22C3, 1/40 dilution, M365329-2, LotNo: 11295663, Agilent/DAKO, Santa Clara, CA, United States of America
Imaging mass cytometry (IMC):

* CD4 clone EPR6855, 1/100 dilution, metal: 145 Nd, LotNo: 1014578-6, Abcam, Cambridge, United Kingdom

* TCRgd clone H41, 1/25 dilution, metal: 148 Nd, LotNo: D3021, Santa Cruz biotechnology, Dallas, United states

* Anti-rabbit IgG, polyclonal, 1/100 dilution, metal: 145 Nd, LotNo: GR3215731-15, Abcam, Cambridge, United Kingdom

* Anti-mouse IgG, polyclonal, 1/100 dilution, metal: 148 Nd, LotNo: GR3300461-1, Abcam, Cambridge, United Kingdom

* CD8a clone D8A8Y, 1/50 dilution, metal: 146 Nd, LotNo: 2, Cell signaling technology, Danvers, United states

* PD-1 clone D4W2J, 1/50 dilution, metal: 160 Gd, LotNo: 1, Cell signaling technology, Danvers, United states

 |COS clone D1K2T(tm), 1/50 dilution, metal: 161 Dy, LotNo: 4, Cell signaling technology, Danvers, United states

* CD204 clone J5HTR3, 1/50 dilution, metal: 164 Dy, LotNo: 2518439, Thermo Fisher Scientific, Waltham, United States

* CD103 clone EPR4166(2), 1/50 dilution, metal: 168 Er, LotNo: GR3399209-2, Abcam, Cambridge, United Kingdom

» Tbet clone 4B10, 1/50 dilution, metal: 170 Er, LotNo: B298378, Thermo Fisher Scientific, Waltham, United States

« Caspase clone D4V4B, 1/50 dilution, metal: 172 Yb, LotNo: 25, Cell signaling technology, Danvers, United states

* CD163 clone D6U1J, 1/50 dilution, metal: 173 Yb, LotNo: 1, Cell signaling technology, Danvers, United states

¢ HLA-DR clone TAL 1B5, 1/100 dilution, metal: 141 Pr, LotNo: GR3424852-2, Abcam, Cambridge, United Kingdom

e CD11b clone D6X1N, 1/100 dilution, metal: 144 Nd, LotNo: 1, Cell signaling technology, Danvers, United states

* Granzyme B clone D6ESW, 1/100 dilution, metal: 150 Nd, LotNo: 7, Cell signaling technology, Danvers, United states

* CD138 clone 5A1E, 1/100 dilution, metal: 155 Gd, LotNo: 1, Cell signaling technology, Danvers, United states

* CD39 clone EPR20627, 1/100 dilution, metal: 157 Gd, LotNo: GR3274485-6, Abcam, Cambridge, United Kingdom

 VISTA clone D1L2G(TM), 1/100 dilution, metal: 158 Gd, LotNo: 7, Cell signaling technology, Danvers, United states

* CD14 clone D7A2T, 1/100 dilution, metal: 163 Dy, LotNo: 2, Cell signaling technology, Danvers, United states

* CD56 clone E7X9M, 1/100 dilution, metal: 167 Er, LotNo: 2, Cell signaling technology, Danvers, United states

e CD7 clone EPR4242, 1/100 dilution, metal: 174 Yb, LotNo: GR3424737-2, Abcam, Cambridge, United Kingdom

e CD11c clone EP1347Y, 1/100 dilution, metal: 176 Yb, LotNo: GR3357092-17, Abcam, Cambridge, United Kingdom

* CD45 clone D9MSI, 1/50 dilution, metal: 149 Sm, LotNo: 12, Cell signaling technology, Danvers, United states

* CD3 clone EP449€E, 1/50 dilution, metal: 153 Eu, LotNo: GR3418069-6, Abcam, Cambridge, United Kingdom

e PD-L1 clone E1L3N(R), 1/50 dilution, metal: 156 Gd, LotNo: 2, Cell signaling technology, Danvers, United states

* FOXP3 clone D608R, 1/50 dilution, metal: 159 Th, LotNo: 2, Cell signaling technology, Danvers, United states

e CD27 clone EPR8569, 1/50 dilution, metal: 175 Lu, LotNo: GR3446729-2, Abcam, Cambridge, United Kingdom

» VVimentin clone D21H3, 1/50 dilution, metal: 194 Pt, LotNo: 1, Cell signaling technology, Danvers, United states

e Keratin clone C11 and AE1/AE3, 1/50 dilution, metal: 198 Pt, LotNo: 2, Cell signaling technology, Danvers, United states

* TGb clone D10AS8, 1/100 dilution, metal: 89Y, LotNo: 157850, Cell signaling technology, Danvers, United states

* CD20 clone H1, 1/100 dilution, metal: 142 Nd, LotNo: 1209781, BD Biosciences, Franklin Lakes, United states

* CD68 clone D4B9C, 1/100 dilution, metal: 143 Nd, LotNo: 2, Cell signaling technology, Danvers, United states
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* CD31 clone 89C2, 1/100 dilution, metal: 147 Sm, LotNo: 1, Cell signaling technology, Danvers, United states

e CD57 clone HNK-1/ Leu-7, 1/100 dilution, metal: 151 Eu, LotNo: GR3373313, Thermo Fisher Scientific, Waltham, United States
« Ki-67 clone 8D5, 1/100 dilution, metal: 152 Sm, LotNo: 11, Cell signaling technology, Danvers, United states

¢ 1gG1 clone D3WS8G, 1/100 dilution, metal: 154 Sm, LotNo: 1, Cell signaling technology, Danvers, United states

« IDO clone D5J4E(TM), 1/100 dilution, metal: 162 Dy, LotNo: 7, Cell signaling technology, Danvers, United states

e CD45RO clone UCHL1, 1/100 dilution, metal: 165 Ho, LotNo: 1, Cell signaling technology, Danvers, United states

* D2-40 clone D2-40, 1/100 dilution, metal: 166 Er, LotNo: B316467, Thermo Fisher Scientific, Waltham, United States
* CD38 clone EPR4106, 1/100 dilution, metal: 169 Tm, LotNo: GR3378690-1, Abcam, Cambridge, United Kingdom

* CD15 clone MC480, 1/100 dilution, metal: 171 Yb, LotNo: 5, Abcam, Cambridge, United Kingdom

 Bcatenin clone D10A8, 1/100 dilution, metal: 196 Pt, LotNo: 1, Cell signaling technology, Danvers, United states
 Histone H3 clone D1H2, 1/50 dilution, metal: 209 Bi, LotNo: 1, Cell signaling technology, Danvers, United states

Each IHC protocol has been developed and validated under standard operating procedures in a certified pathology lab (EN 1ISO15189,
M258). Each new antibody lot is validated by testing multiple dilutions and evaluating them with the pathologist in a standardized
method, using positive control tissues suitable for the antibody (images and protocol details available upon request). Antibodies were
validated as described on the manufacturer's websites.

All IMC antibodies have been selected based on extensive validation for use in immunohistochemistry on FFPE tissue by the
respective companies. All antibodies are tested in house on FFPE tonsil and colon tissue and staining patterns were compared to
company datasheets and reported literature. After metal conjugation, the staining patterns of each antibody are once again validated
by IHC and compared to staining prior to conjugation and reported literature. Furthermore, for each antibody, colocalization with
expected other markers was confirmed by IMC.

Policy information about clinical studies

All manuscripts should comply with the ICMJE guidelines for publication of clinical research and a completed CONSORT checklist must be included with all submissions.

Clinical trial registration
Study protocol

Data collection

Outcomes

ClinicalTrials.gov , NCT03448835
The study protocol will be made available upon request and will be uploaded together with initial submission of the manuscript.

Patients were consulted in the outpatient clinic of the Netherlands Cancer Institute. Long-term follow-up was either performed at
the outpatient clinic, by telephone or through telemedicine. Clinical data, including data regarding adverse events, were collected
from time of signing informed consent until 100 days after the last administration of study drug. Outcome data and long-term
survival data will be collected until five years after initial diagnosis. The first patient was enrolled on April 12th, 2018 and the last
patient on May 14th, 2021. Data collection for the current analysis was performed on April 24th, 2023.

Primary endpoints were safety and feasibility of neoadjuvant capecitabine, oxaliplatin, docetaxel, and atezolizumab in gastric and
gastroesophageal junction adenocarcinoma. Patients were closely monitored for adverse events (AEs) starting from signing informed
consent until 100 days after last study medication, according to the Common Terminology Criteria for Adverse events (CTCAE)
version 4.03. Safety was measured by (S)AEs and treatment-related complications leading to delays in systemic treatment and/or
surgery past 9 weeks after start of the last treatment cycle. Additionally, the rate of anastomotic leakages after surgery, taking into
account the type of surgical procedure, was closely monitored. The rate of anastomotic leakage was evaluated after the first 10
patients who underwent surgery; if <4 leakages had occured the study would continue to include 10 more patients. Feasibility was
measured by adherence to the timelines of the study protocol.

Secondary and translational endpoints included disease-free survival, overall survival, radiologic tumor regression and efficacy,
evaluated by histopathological response to treatment and associations between pathologic response and genomics, transcriptomics,
and immunohistochemistry (IHC) and imaging mass cytometry (IMC) findings and circulating tumor DNA (ctDNA), including the TMB,
gene expression signatures, and TCI.
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