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ORIGINAL ARTICLE

Impact of pathological tumor response after CROSS neoadjuvant
chemoradiotherapy followed by surgery on long-term outcome of esophageal
cancer: a population-based study

Ali Al-Kaabia , Rachel S. van der Postb, Leonie R. van der Werfc, Bas P. L. Wijnhovenc, Camiel Rosmand,
Maarten C. C. M. Hulshofe, Hanneke W. M. van Laarhovenf , Rob H. A. Verhoevend,g and
Peter D. Siersemaa

aDepartment of Gastroenterology and Hepatology, Radboud University Medical Center, Nijmegen, The Netherlands; bDepartment of
Pathology, Radboud University Medical Center, Nijmegen, The Netherlands; cDepartment of Surgery, Erasmus University Medical Center,
Rotterdam, The Netherlands; dDepartment of Surgery, Radboud University Medical Center, Nijmegen, The Netherlands; eDepartment of
Radiotherapy, Amsterdam University Medical Centers, University of Amsterdam, Amsterdam, The Netherlands; fDepartment of Medical
Oncology, Amsterdam University Medical Centers, University of Amsterdam, Amsterdam, The Netherlands; gDepartment of Research &
Development, Netherlands Comprehensive Cancer Organization, Utrecht, The Netherlands

ABSTRACT
Background: With increasing interest in organ-preserving strategies for potentially curable esophageal
cancer, real-world data is needed to understand the impact of pathological tumor response after neo-
adjuvant chemoradiotherapy (CRT) on patient outcome. The objective of this study is to assess the
association between pathological tumor response following CROSS neoadjuvant CRT and long-term
overall survival (OS) in a nationwide cohort.
Material and methods: All patients diagnosed in the Netherlands with potentially curable esophageal
cancer between 2009 and 2017, and treated with neoadjuvant CRT followed by esophagectomy were
included. Through record linkage with the nationwide Dutch Pathology Registry (PALGA), pathological
data were obtained. The primary outcome was pathological tumor response based on ypTNM, classi-
fied into pathological complete response (ypT0N0) and incomplete responders (ypT0Nþ, ypTþN0, and
ypTþNþ). Multivariable logistic and Cox regression models were used to identify predictors of patho-
logical complete response (pCR) and survival.
Results: A total of 4946 patients were included. Overall, 24% achieved pCR, with 19% in adenocarcin-
oma and 42% in squamous cell carcinoma. Patients with pCR had a better estimated 5-year OS com-
pared to incomplete responders (62% vs. 38%, p< .001). Of the patients with incomplete response,
ypTþNþ patients (32% of total population) had the lowest estimated 5-year OS rate, followed by
ypT0Nþ and ypTþN0 (22%, 47%, and 49%, respectively, p< .001). Adenocarcinoma, well to moderate
differentiation, cT3-4, cNþ, signet ring cell differentiation and lymph node yield (�15) were associated
with lower likelihood of pCR.
Conclusion: In this population-based study, pathological tumor response based on the ypTNM-stage
was associated with different prognostic subgroups. A quarter of patients achieved ypT0N0 with favor-
able long-term survival, while one-third had an ypTþNþ response with very poor survival. The associ-
ation between pathological tumor response and long-term survival could help in more accurate
assessments of individual prognosis and treatment decisions.

Abbreviations: CI: confidence interval; cN: clinical N stage; CT: computer tomography; CRT: chemora-
diotherapy; cT: clinical T stage; HR: hazard ratio; IQR: interquartile range; EAC: esophageal adenocarcin-
oma; OR: odds ratio; ESCC: esophageal squamous cell carcinoma; pCR: pathological complete
response; PET: positron emission tomography; SD: standard deviation; SCC: squamous cell carcinoma;
SRC: signet ring cell; THE: transhiatal esophagectomy; TTE: transthoracic esophagectomy; UC: undiffer-
entiated carcinoma; ypTNM: TNM staging assessed in the resection specimen after neoadju-
vant therapy
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Introduction

Esophageal cancer accounts for over half a million new cases
worldwide (572,000/year) and ranks sixth in cancer-related
mortality rates [1, 2]. In contrast to esophageal squamous
cell carcinoma (ESCC), the incidence of esophageal adenocar-
cinoma (EAC) is estimated to rise in high-income countries
with a sustained increase in the next years [1,2]. During the
past decade, neoadjuvant chemoradiotherapy (CRT) has been
successfully introduced in the treatment of potentially cur-
able esophageal cancer [3,4]. Before that, high rates of
locoregional and distant metastases were seen after primary
surgical resection with 5-year overall survival (OS) rates vary-
ing between 20 and 30% [5–7].

The almost 10-years ago published multicenter random-
ized controlled CROSS-trial comparing neoadjuvant CRT com-
bined with esophagectomy to surgery alone showed a
significant improvement in OS (median 49 vs. 24 months)
[6,8]. Pathological complete response (pCR) was noted in
49% of patients with ESCC and in 23% with EAC [6], which
was associated with improved survival outcomes [5,9–11].

The increasing use of neoadjuvant CRT for potentially cur-
able esophageal cancer has raised further discussions regard-
ing the evaluation and classification of tumor response in
relation to treatment optimization and organ-sparing
approaches. In this regard, evidence of the long-term prog-
nostic impact of different pathological tumor responses is
highly relevant but requires further investigation. Previous
multicenter and population-based studies were to some
extent limited by insufficient data on the type of the neoad-
juvant CRT regimen [12–16], or by a relatively small sample
size [10,17–19]. The aim of this population-based study was
therefore to assess the association between pCR after neoad-
juvant CRT and long-term survival in a large nationwide
cohort of patients treated with the CROSS-regimen, and to
identify clinicopathological predictors of pCR.

Material and methods

Study design and data collection

Data were obtained from the Netherlands Cancer Registry
(NCR). This nationwide registry contains clinicopathological
data on all newly diagnosed malignancies in The
Netherlands. Specially trained data managers of the NCR rou-
tinely extract information on diagnosis, tumor stage and
treatment directly from medical records. Tumor topography
and morphology are coded according to the International
Classification of Diseases for Oncology (ICD-O). Information
on vital status is obtained through annual linkage with the
Municipal Personal Records Database and was at the time of
performing this study completed until January 2019.
Additional or missing pathological data needed to determine
pathological tumor response were obtained through record
linkage with the nationwide network and registry of histo-
and cytopathology in the Netherlands (PALGA). All data were
handled confidentially and in accordance to privacy regula-
tions for medical research.

Study population

All patients with potentially curable cancer (cT1b-4N0-3M0)
of the esophagus or cardia (C15.0-C16.0) diagnosed in the
period 2009–2017 and who were treated with trimodality
treatment were identified in the NCR. Only patients with
adenocarcinoma, squamous cell carcinoma, or large-cell
undifferentiated carcinoma were selected. If pathological
tumor response could not be determined based on PALGA
records, patients were excluded from analysis (N ¼ 6).
Pretreatment clinical staging in the Netherlands typically
consists of endoscopy with diagnostic biopsies, computer
tomography (CT) of the neck, thorax, and abdomen or inte-
grated positron emission tomography-CT (PET-CT). When
indicated and available endoscopic ultrasound and ultra-
sound of the neck were performed. For uniformity, TNM-
staging was recorded according to the 7th edition of the
Union for International Cancer Control. For patients diag-
nosed during 2015–2017 more detailed information on
administered chemotherapy and radiotherapy was available.

Treatment

According to the Dutch guideline (v3.0, 2010, update 2014),
trimodality treatment consisting of neoadjuvant CRT com-
bined with esophagectomy is currently standard of care for
all patients with potentially curable esophageal cancer.
Neoadjuvant CRT based on the CROSS-trial, i.e., five cycles of
carboplatin and paclitaxel with concurrent radiotherapy
(41.4 Gy in 23 fractions), is the recommended regimen.

Definitions

The absence of viable residual tumor cells at the primary
tumor site and in resected lymph nodes was defined as
ypT0N0. Any extent of residual invasive tumor at the primary
site (T1–4) was classified as ypTþ and as ypNþ if lymph
nodes were involved (ypN1–3). Pathological tumor response
in the surgical resection specimen was categorized according
to ypTNM stage: pCR (ypT0N0) and incomplete responders
(ypT0Nþ, ypTþN0, and ypTþNþ). Lymph node yield was
grouped as <15 and �15 resected nodes according to the
recommendations of the Dutch Institute for Clinical Auditing.
Presence of signet ring cell (SRC) differentiation was scored
independently in pretreatment biopsies and the resec-
tion specimen.

Statistical analyses

Baseline characteristics were assessed overall and according
to pathologic tumor response. Survival time was defined as
time from surgical resection to death or end of follow-up.
The OS was calculated with the Kaplan–Meier method and
compared with log-rank test. Logistic regression and Cox
models were performed according to histology type to iden-
tify clinicopathological variables associated with the likeli-
hood of pCR and survival. For multivariable regression
analyses, first covariates with a p value <.2 in the univariable
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analyses were preselected. Then, backward elimination was
performed by manually omitting nonsignificant covariates
one-by-one until all variables remaining in the model had a
p value <.05. The predictors in the model were also vali-
dated by an automated backward selection based on log-
likelihood ratio tests, which resulted in comparable estimates.
Comparison of the cases with missing values to the complete
cases with regard to baseline characteristics did not result in
additional covariates to be adjusted for in the regression
analyses. Additionally, subgroup analyses were performed in
patients from the years 2015–2017, for whom more detailed
clinical variables, such as body weight, tumor length, and
length of the neoadjuvant CRT scheme, were available. Odds
ratios (ORs) and hazard ratios (HRs) are presented with 95%
confidence interval (CI). Statistical analysis was performed
using SPSS Statistics v25.0 (IBM Corp., Armonk, NY, USA).

Results

Study population

A total of 4946 patients diagnosed with potentially curable
carcinoma of the esophagus or cardia was included (Figure
1). The number of centers performing surgery declined from
26 in 2010 to 18 in 2017 due to centralization. Since 2015, at
least 94% of included patients were registered to have been
treated with the CROSS-regimen.

Baseline characteristics

Mean age was 64 years ± SD 8.7 (Table 1). Overall, the
majority of patients were men (78%), diagnosed with cT2-3
(93%), EAC (79%) of the lower third of the esophagus (76%).

Clinical suspicion of lymph node metastasis (cNþ) was pre-
sent in 60% of the cases. Transthoracic esophagectomy was
the most frequently performed surgical approach (66%),
increasing from 52% in 2009 to 87% in 2017. The R0-resec-
tion rate was 95.5% with a median lymph node yield of 18
(IQR: 13–24).

Pathological outcome

A total of 1187 (24%) patients had pCR (ypT0N0) following
neoadjuvant CRT, with 19% in EAC and 42% in ESCC. With
the increasing incidence of EAC over the years, the overall
pCR rate declined from 29% in 2010 to 23% in 2017. Most
patients had incomplete pathological responses, 40%
ypTþN0, 32% ypTþNþ, and 4% ypT0Nþ (Figure 1). Overall,
ypT0 and ypN0 were seen in 28% and 64% of all cases. Of
the cN0-staged tumors at base line, 24% were eventually
staged as ypNþ.

In multivariable logistic regression analyses, histology
type, differentiation grade, cT-category, and cN-category
were associated with the likelihood of pCR (Table 2;
Supplementary Table 1). In subgroup analysis, presence of a
SRC component and lymph node yield (�15 vs. <15) were
associated with pCR in EAC. If an SRC component was pre-
sent in the pretreatment biopsies or the resection specimen
(16% of EAC), the pCR rate was 13% compared to 26% in
patients without an SRC component (p < .001).

Cohort 2015–2017

The distribution of the pathological response was compar-
able with the overall cohort (23% pCR, 39% ypTþN0, 33%
ypTþNþ, and 4% ypT0Nþ). Patient-related factors, such as

Figure 1. Pathological tumor response of included patients with locally advanced esophageal cancer treated with neoadjuvant chemoradiotherapy (CROSS) fol-
lowed by esophagectomy in the Netherlands.

ACTA ONCOLOGICA 3

https://doi.org/10.1080/0284186X.2020.1870246


smoking, alcohol use, and body weight did not affect likeli-
hood of pCR. Notably, noncompletion of the CROSS-regimen
(less than five cycles) seen in 10% was not significantly asso-
ciated with likelihood of pCR in multivariable analysis (OR
1.2, 95% CI 0.9–1.6).

Overall survival

Median follow-up after esophagectomy was 43 months
(IQR 12–50). Patients with pCR had a better OS compared
to incomplete responders, with estimated 5-years survival
rates of 62% vs. 38% (p ¼ .006; Figure 2(A)). Patients cate-
gorized as ypTþNþ had the lowest estimated 5-year OS,
followed by ypT0Nþ and ypTþN0 (22%, 47%, and 49%,
respectively, p < .001; Figure 2(B)). For EAC and ESCC,

similar survival rates were seen (Supplementary Table 2).
Compared to the pCR group, patients with an ypTþNþ
response were predominantly men with more advanced
disease stage. Notably, the proportion of cardia tumors
was highest in the ypTþNþ group (6% vs. 12%, p < .001).
Excluding the cardia tumors did not affect the results of
survival analyses.

The prognostic significance of the ypT- and ypN-category
in adjusted multivariable analyses is shown in Table 3;
Supplementary Table 4. Both categories were good predic-
tors of survival time for EAC and ESCC (Figure 2(B–D); Table
3; Supplementary Table 2). With increasing ypT or ypN stage,
there was an increasing risk of death. Adding the number of
positive lymph nodes (ypN0-3) in the multivariable model
resulted in additional prognostic differentiation within the
ypT stage (Supplementary Table 3).

Table 1. Baseline characteristics of study population according to pathological tumor response.

Baseline variable
Overall pCR (yT0N0) Incomplete response

4946 (100%) 1187 (24%) 3759 (76%)

No. (% of total) N % N % N % p Valuea

Age, year, mean (SD) 64.0 (8.7) 64.4 (8.5) 63.8 (8.7) .073b

Sex
Male 3863 78% 854 72% 3009 80% <.001c
Female 1083 22% 333 28% 750 20%

Histology
Adenocarcinoma 3891 79% 741 62% 3150 84% <.001c
Squamous cell carcinoma 1026 21% 431 36% 595 16%
Large cell undiff. carcinoma 24 0.5% 11 1% 13 0%
Not specified/missing 5 0% 4 0% 1 0%

Location of tumor
Upper third 41 1% 16 1% 25 1% <.001c
Middle third 554 11% 209 18% 345 9%
Lower third 3746 76% 850 72% 2896 77%
Cardia 450 9% 72 6% 378 10%
Other 155 3% 40 3% 115 3%

Tumor differentiation <.001c
Well-moderate 2112 43% 433 36% 1679 45%
Poor 1975 40% 388 33% 1587 42%
Undifferentiated 78 2% 25 2% 53 1%
Unknown 781 16% 341 29% 440 12%

Clinical T stage <.001c
cT1 51 1% 23 2% 28 1%
cT2 1425 29% 387 33% 1038 28%
cT3 3157 64% 709 60% 2448 65%
cT4 92 2% 17 1% 75 2%
Unknown 221 4% 51 4% 170 5%

Clinical N stage <.001c
cN0 1894 38% 517 44% 1377 37%
cNþ 2963 60% 659 56% 2304 61%
Unknown 89 2% 11 1% 78 2%

Surgical approach .187c

Transhiatal 1407 28% 321 27% 1086 29%
Transthoracic 3275 66% 806 68% 2469 66%
Unknown 264 5% 60 5% 204 5%

Resection margins
R0 4721 96% 1187 100% 3536 94% <.001c
R1 224 5% 0 0% 222 6%
Unknown 1 0% 0 0% 1 0%

Lymph node yield
Median (IQR) 18 (13–24) 17 (12–24) 18 (13–24) .004

No. of positive lymph nodes
Median (IQR) 0 (0–1) 0 0 (0–2) <.001d

Interval to surgery, days, median (IQR) 60 (48–73) 60 (48–74) 56 (34–78) .313d

aComparison between both response groups.
bIndependent samples t test.
cChi-squared test.
dMann–Whitney’s U test.
For descriptive statistics a p value <.05 is significant. Significant p values are indicated in bold.
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Time to surgery

The median time from end of CRT to surgery was 8.6 weeks
(IQR 6.7–9.9), increasing over time from 7 weeks in 2009 to
10 weeks in 2017 (p < .001). The highest pCR rate was
observed 13–14 weeks after the end of neoadjuvant CRT in
both EAC and ESCC, 21% and 46%, respectively. However,
time to surgery as a continuous and categorical variable was

not associated with the likelihood of pCR or long-term OS in
multivariable analyses.

Discussion

With 94% of all included cases of potentially curable esopha-
geal cancer treated with CROSS, this neoadjuvant CRT regi-
men has been widely adopted in the past 5–10 years in The
Netherlands. Our data show that pCR after CROSS was
achieved in 24% of all patients. As expected, the pCR rate
was lower in EAC (19%) than in ESCC (42%).

Our results are similar to the original data of the CROSS-
trial and other studies focusing on pCR (rate: 16–32%)
[6,10,12–19]. Evidence from real-world data, complementary
to evidence from conventional clinical trials, is essential to
understand the impact of pathological tumor response on
patient outcome and to identify high- and low-risk sub-
groups. To our knowledge, the current study includes the
largest homogeneously treated group with regard to neoad-
juvant CRT regimen. The majority of previously published
population-based studies were limited by missing details on
the neoadjuvant chemotherapy regimen or radiotherapy
dose [10,12–17], or had smaller sample sizes compared to
our study [18,19].

None of the studies have investigated predictive factors
for pCR in a population-based setting. We found that well to

Table 2. Factors associated with pCR in multivariable logistic regres-
sion analysis.

Variable OR 95% CI

Overall
Histology (UC vs. AC) 4.2 1.8–9.5
Histology (SCC vs. AC) 3.0 2.6–3.6
Differentiation grade (poor-undiff. vs. well-moderate) 1.2 1.0–1.4
cT-category (cT3–4 vs. cT1–2) 0.8 0.7–0.9
cN-category (cNþ vs. cN0) 0.7 0.6–0.8

Adenocarcinoma
Differentiation grade (poor-undiff. vs. well-moderate) 1.5 1.2–1.9
cT-category (cT3–4 vs. cT1–2) 0.8 0.6–0.9
cN-category (cNþ vs. cN0) 0.8 0.6–0.9
Lymph node yield (�15 vs. <15) 0.8 0.7–1.0
Signet ring cells (present vs. absent) 0.7 0.5–0.9

Squamous cell carcinoma
Differentiation grade (poor-undiff. vs. well-moderate) 0.7 0.5–0.9
cN-category (cNþ vs. cN0) 0.7 0.5–0.9

CI: confidence interval; OR: odds ratio; SCC: squamous cell carcinoma; AC:
adenocarcinoma; UC: undifferentiated carcinoma; pCR: pathological com-
plete response.

Figure 2. Kaplan–Meier’s curves of overall survival according to (A) pathological tumor response, (B) ypTN tumor response groups, (C) ypT category, and (D)
ypN category.
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moderately differentiated EAC, higher lymph node yield,
higher T-stage, cNþ, and presence of SRCs were associated
with a lower probability of pCR. Poorly differentiated tumors
were more likely to achieve pCR. One explanation could be
the higher chemosensitivity due to increased proliferative
activity and therefore higher susceptibility to DNA-damage
and apoptosis [20,21]. Except for lymph node yield, all pre-
dictors were pretreatment variables that are routinely avail-
able prior to start of neoadjuvant CRT. Predictors and
biomarkers of minor or major tumor response to neoadju-
vant CRT obtained at the pretreatment stage are essential as
they could potentially guide more individualized treatment
decisions, such as directly proceeding to surgery without fur-
ther delay.

In our dataset, the mean number of resected lymph
nodes increased over the years from 13 to 20 in the period
2009–2015. In the Netherlands, a lymph node yield of �15
nodes is recommended since 2016 and is considered a qual-
ity indicator [22]. The rationale is that an extended lympha-
denectomy is needed for optimal nodal staging. Naturally,
the association between a lower yield (<15) and a higher
likelihood of pCR is due to the fact that finding positive
lymph nodes is less likely if fewer lymph nodes are investi-
gated. Occult micro-metastases, which have been suggested
to be present in 10–50% of solid tumors of the upper digest-
ive tract, will also likely be removed with an extended lym-
phadenectomy, affecting long-term outcome [23–26].

The presence of an SRC component, seen in 16% of EACs
was also associated with a lower likelihood of pCR. The pro-
portion of EAC with SRC differentiation ranges from 1 to
26% in studies and is thought to be associated with poor
prognosis [27]. Even a small SRC component was associated
with a lower likelihood of pCR and radical resection [28,29].
In one study, the presence of SRC was a negative predictor
of pCR in a multivariable model [9]. Nonetheless, the prog-
nostic significance of SRC differentiation in EAC is still

debated. Several studies have reported significantly poorer
survival rates in SRC EAC after neoadjuvant CRT compared to
non-SRC EAC, whereas in a recent study SRC differentiation
was not an independent predictor of survival [27,30,31].
Reporting of SRC differentiation in histopathologic examina-
tions is however recommended as it may have implications
for patient stratification and treatment strategies in
the future.

The association between different pathological tumor
responses and long-term survival could support more accur-
ate assessments of individual prognosis. Several studies have
demonstrated that patients with pCR have better survival
outcomes than patients with residual disease [6,9,14]. In our
survival analysis, EAC patients with pCR had a three times
lower risk of death compared to ypTþNþ. This might be one
of the reasons for the increased time to surgery in the
Netherlands, as a prolonged interval after completion of CRT
has been suggested to increase the likelihood of pCR [32].
However, other possible reasons for this trend are a longer
recovery time from the cytotoxic effects of chemotherapy
without compromise on intra- and short-term postoperative
outcomes [33], and operational factors, such as access to and
planning of PET-CT and surgery [34].

Different grading systems exist to assess the extent of
pathological tumor response [35,36]. Yet, there is no gener-
ally accepted tumor regression grading system for prognosti-
cation in esophageal cancer, mainly due to considerable
variations in surgical specimen handling and interobserver
agreement between pathologists [35,37]. This study confirms
that the ypTNM staging system, which is simple, widely used
and routinely integrated into the pathology reports, is an
excellent prognostic system to discriminate between good,
intermediate, and poor survival groups. Most likely due to an
insufficient sample size, the prognostic value of ypTNM stag-
ing was found to be only weak or even absent in previous
studies [35,38,39].

In the European Society for Medical Oncology (ESMO) and
the National Comprehensive Cancer Network (NCCN) guide-
lines, trimodality treatment is considered the standard of
care for potentially curable esophageal cancer [3,4].
Theoretically, some patients in the pCR group may well be
overtreated with surgery. The results from the ongoing
phase III, randomized, controlled SANO-trial, and ESOSTRATE-
trial, comparing active surveillance after neoadjuvant CRT to
standard surgery, are eagerly awaited and are expected to
shed more light on the management of patients with clinical
complete response.

After standard trimodality treatment, the majority of
patients (76%) still have residual disease at the primary site
and/or in the lymph nodes. Patients with an ypTþNþ
response after CROSS have the worst survival rates. This
implicates that current standards of care need further
improvement. The optimal post-operative management of
patients with a ypTþNþ response, however, is still unknown.
There has been an increasing interest in post-operative
therapies, such as adjuvant chemotherapy, which retrospect-
ive analyses have suggested to prolong survival in cNþ
patients [40,41]. Other opportunities might also come from

Table 3. Prognostic significance of ypT and ypN category in multivari-
able analysis.

Adenocarcinoma
Squamous cell
carcinoma

HRa 95% CI HRa 95% CI

ypT-category
ypT0 Ref. Ref.
ypT1 1.3 1.1–1.6 1.3 0.9–1.9
ypT2 1.6 1.3–1.9 2.0 1.5–2.6
ypT3 2.5 2.1–2.9 2.0 1.5–2.6
ypT4 6.0 3.6–9.9 5.6 2.0–16

ypN-category
ypN0 Ref. Ref.
ypN1 2.1 1.9–2.4 1.3 1.0–1.7
ypN2 2.9 2.5–3.4 2.8 2.0–4.0
ypN3 4.8 3.9–5.8 4.6 2.5–8.3

Pathological tumor response
ypT0N0 Ref. Ref.
ypTþN0 1.3 1.1–1.6 1.4 1.1–1.9
ypT0Nþ 2.1 1.5–3.0 1.3 0.9–2.0
ypTþNþ 3.1 2.6–3.7 2.2 1.6–3.0

CI: confidence interval.
aAdjusted for age, cT, cN, differentiation grade, lymph node yield, surgical
approach, and surgical margins.
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different treatment algorithms including modified (neo)adju-
vant regimens or combinations with novel immunotherapeu-
tic agents. Results from ongoing studies examining the
feasibility of adjuvant chemotherapy, such as the SOX-trial
(NCT02347904), are soon to be expected. In phase II and III
clinical trials, addition of trastuzumab and pertuzumab to the
CROSS-regimen for HER2þ EAC and nivolumab to PD-L1
positive EAC, was shown to be feasible and resulted in prom-
ising survival benefit in exploratory analyses [42,43].

One of the strengths of this analysis is the large sample
size. This study is to our knowledge the largest cohort of
patients treated with the CROSS-regimen. Furthermore, we
used recent data from the NCR, known for its reliable and
objective data collection in the Netherlands. Some extent of
missing data is inevitable in population-based registries.
Through linkage with the national pathology database we
were able to add substantial missing data and include add-
itional pathological data. Another limitation was that we
could not estimate disease-specific survival, because the NCR
does not register cause of death.

Conclusion

This nationwide population homogenously treated with the
neoadjuvant CROSS-regimen showed that a quarter of the
patients achieved pCR. Histology type, differentiation grade,
cT-category, cN-category, lymph node yield, and SRC differ-
entiation were found to be predictors of pCR. The ypTNM
staging system seemed to have an excellent potential to dis-
criminate between different prognostic subgroups. Patients
with ypT0N0 had a significantly better long-term OS com-
pared to incomplete responders. Overall, one-third of the
population had an ypTþNþ response, which was associated
with a poor long-term OS. Future prospective studies should
evaluate alternative treatment modalities and surveillance
strategies for this large subgroup, establishing a paradigm
shift from ‘one size fits all’ to more personalized therapy.
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