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ABSTRACT

The optimal management of resectable oesophageal adenocarcinoma is controversial, with many centres using neoadjuvant che-
motherapy following the Medical Research Council (MRC) oesophageal working group (OE02) trial and the MRC Adjuvant Gastric
Infusional Chemotherapy (MAGIC) trial. The more intensive MAGIC regimen is used primarily in gastric cancer but some also use it
for oesophageal cancer.
A database of cancer resections (2001–2013) provided information on survival of patients following either OE02 or MAGIC-type
treatment. The data were compared using Kaplan–Meier analysis. Straight-to-surgery patients were also reviewed and divided into
an ‘early’ cohort (2001–2006, OE02 era) and a ‘late’ cohort (2006–2013, MAGIC era) to estimate changes in survival over time.
Subgroup analysis was performed for responders (tumour regression grade [TRG] 1–3) versus non-responders (TRG 4 and 5) and
for anatomical site (gastro-oesophageal junction [GOJ] vs oesophagus).
An OE02 regimen was used for 97 patients and 275 received a MAGIC regimen. Those in the MAGIC group were of a similar age to
those undergoing OE02 chemotherapy but the proportion of oesophageal cancers was higher among MAGIC patients than among
those receiving OE02 treatment.
MAGIC patients had a significantly lower stage following chemotherapy than OE02 patients and a higher median overall survival
although TRG was similar. On subgroup analysis, this survival benefit was maintained for GOJ and oesophageal cancer patients as
well as non-responders. Analysis of responders showed no difference between regimens.
‘Late’ group straight-to-surgery patients were significantly older than those in the ‘early’ group. Survival, however, was not signifi-
cantly different for these two cohorts.
Although the original MAGIC trial comprised few oesophageal cancer cases, our patients had better survival with MAGIC than with
OE02 chemotherapy in all anatomical subgroups, even though there was no significant change in operative survival over the time
period in which these patients were treated. The use of the MAGIC regimen should therefore be encouraged in cases of operable
oesophagogastric adenocarcinoma.
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Oesophageal adenocarcinoma is an aggressive malignancy
that has been shown to be best treated with multimodal ther-
apy rather than surgery alone. Various treatment regimens
have been proposed, including combinations of pre and
postoperative chemotherapy and/or radiotherapy.1,2

Preoperative chemotherapy may downstage tumours and
allow greater success from surgical resection as well as
treating micrometastatic disease that may be a source of dis-
tant recurrence following the proinflammatory insult of sur-
gery.3 However, the disease is frequently resistant to
preoperative treatment, which may delay potentially cura-
tive surgery, rendering it no longer effective.

Debate continues regarding the optimal preoperative che-
motherapy for oesophageal adenocarcinomas. In 2002 the
Medical Research Council (MRC) oesophageal working
group trial (OE02) reported benefit from two cycles of cis-
platin and fluorouracil therapy preoperatively when com-
pared with surgery alone in oesophageal cancer.4 This
practice was therefore employed for cases at our trust until
2006, when results were published for the MAGIC (MRC
Adjuvant Gastric Infusional Chemotherapy) trial, which
treated a group of patients using three cycles of epirubicin,
cisplatin and fluorouracil pre and postoperatively.2 Although
the trial comprised mainly gastric tumours, some
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oesophageal adenocarcinoma patients were included in the
analysis and so our practice changed to treat all oesophago-
gastric adenocarcinomas with a MAGIC-type regimen from
late 2006. There remains wide variation in clinical practice
with different centres preferring either type of neoadjuvant
therapy for oesophageal adenocarcinoma.

Nottingham University Hospitals NHS Trust is one of the
largest volume centres for the treatment of oesophageal
cancer in the UK.5 It maintains a database of sufficient size
to report on the outcomes of both OE02 and MAGIC patients,
and to determine survival (including anatomical site specific
outcomes) in order to assess whether MAGIC-type therapy is
useful in oesophageal adenocarcinoma. So as to minimise
bias relating to changes in selection and outcome over time,
the outcomes of patients treated with surgery alone during
the same time periods are also reviewed for comparison.
These patients are not compared here with the chemother-
apy cohorts because they were not matched demographi-
cally or in terms of co-morbidity and there is no expectation
of equal survival to the contemporaneous chemotherapy
groups. Indeed, the difference in survival between chemo-
therapy and non-chemotherapy patients has been reported
by our unit previously.6

Response (or lack ofthere) may be determined using
tumour regression grade (TRG), which has been shown to
correlate with survival in oesophagogastric cancer.7,8 In
many drug trials, the difference between study arms may be
small and a lengthy follow-up period can be required to con-
firm any difference. TRG as a surrogate marker of survival
might be useful in the research field to detect the success of
novel drugs in clinical trials without the need for mature
survival data but only if it can be shown to be sensitive
enough to detect the relatively small benefits that might be
expected when comparing two neoadjuvant regimens. As a
secondary outcome, we hoped to learn more about the inter-
pretation of TRG by studying it in this context.

Methods

Details of patients undergoing surgery at our trust for oeso-
phageal and gastric cancer were collected prospectively for
audit and research purposes between 2001 and 2013. The
reporting of TRG was increasingly adopted by local patholo-
gists and TRG was included routinely in pathology reports
by 2009. All specimens were examined by a consultant path-
ologist experienced in the assessment of oesophageal cancer
who was blinded with regard to the treatment regimen. All
representative sections were examined in a systematic fash-
ion as described by Mandard et al.9

All adenocarcinoma patients with disease located in the
oesophagus or gastro-oesophageal junction (GOJ) and who
received preoperative chemotherapy were reviewed. Only
those historical cases that had no recoverable slides were
excluded from the study. For comparison, the patients dur-
ing this period who were not suitable for chemotherapy
were also identified. Patients had been selected for these
treatments following discussion at a multidisciplinary team
meeting with review of staging investigations. These investi-
gations evolved over time but all included assessment by

endoscopy and computed tomography of the thorax, abdo-
men and pelvis, with increasing numbers of patients receiv-
ing endoscopic ultrasonography and positron emission
tomography.

Patients who progressed to surgery with curative intent
underwent resection using an approach appropriate to the
tumour site. In most cases, this was a two-stage Ivor Lewis
oesophagectomy although single stage procedures were
also carried out (eg transhiatal oesophagogastrectomy and
left thoracoabdominal oesophagectomy, which was used
particularly in the earlier years of the period studied). A
small number of patients underwent a three-stage proce-
dure with cervical anastomosis, either as open surgery
owing to higher tumours or as part of a minimally invasive
oesophagectomy. Local lymph nodes were included in the
resection to complete a thoracic and upper abdominal two-
field lymphadenectomy.

Although the original OE02 and MAGIC trials did not use
capecitabine (oral equivalent of fluorouracil), this has since
been shown to provide equivalent results10 and so regimens
including this drug were also included in the analysis. Con-
sequently, patients who had received chemotherapy using
either cisplatin and fluorouracil/capecitabine (OE02-type)
or epirubicin, cisplatin and fluorouracil/capecitabine
(MAGIC-type) were included in the study. TRG was scored
using the criteria of Mandard et al,9 and patients were then
divided into responders (TRG 1–3) and non-responders
(TRG 4 and 5). Other data on the database were taken from
the hospital’s electronic records. Survival was updated
yearly using mortality data compiled by the hospital data
services department.

Statistical analysis

Data were analysed with SPSS® version 22 (IBM, New York,
US). Survival differences between groups were compared
using Kaplan–Meier analysis and the logrank test. Other dif-
ferences were compared with the Mann–Whitney U test,
Fisher’s exact test, chi-squared test and t-test as appropriate.
A p-value of <0.05 was considered statistically significant.

Results

During the study period, a total of 372 patients received pre-
operative OE02 or MAGIC-type regimens for adenocarci-
noma and had complete survival data. OE02 chemotherapy
was used in 97 patients and 275 were treated with MAGIC
therapy. During the same time period, 343 patients pro-
ceeded straight to surgery because they were unfit for neo-
adjuvant chemotherapy. These cases were divided into two
groups: an ‘early’ cohort (treated during the same time
period in which the OE02 regimen was used) and a ‘late’
cohort (treated after MAGIC therapy was put in place).
These ‘straight to surgery’ groups provide a comparison in
order to detect changing survival over the timeframe of this
study.

The demographics for all groups in the study are sum-
marised in Table 1. Patients given MAGIC chemotherapy
were not significantly older than those selected for OE02
treatment. In the straight-to-surgery cohort, however, the
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‘late’ group was significantly older than the ‘early’ group.
The OE02 group contained a higher proportion of GOJ can-
cer cases than the MAGIC group. The ratios were similar for
the ‘early’ and ‘late’ cohorts in the straight-to-surgery group,
there being proportionately more GOJ cancer cases among
patients treated in the OE02 era.

The median overall survival was significantly longer in
the MAGIC group (3.00 years, 95% confidence interval [CI]:
2.21–3.79 years) than for OE02 patients (1.97 years, 95% CI:
1.47–2.47 years) (p=0.001, hazard ratio [HR]: 1.60, 95% CI:
1.22–2.09) (Fig 1). Stage was significantly reduced in the
MAGIC group following treatment (Table 1).

Anatomical subgroup analysis was undertaken to deter-
mine whether oesophageal cancer patients were also bene-
fiting from MAGIC chemotherapy. Survival in both
anatomical subgroups was longer with the MAGIC regimen
(Fig 2). The oesophageal cancer subgroup demonstrated a
median survival of 1.95 years (95% CI: 1.54–2.36 years) with
OE02 and 2.76 years (95% CI: 1.45–4.06 years) with MAGIC
(p=0.023, HR: 1.77, 95% CI: 1.08–2.90). For GOJ cancer
patients, the median survival was 2.17 years (95% CI: 1.44–

2.90 years) with OE02 and 3.25 years (95% CI: 2.39–4.12
years) with MAGIC (p=0.008, HR: 1.55, 95% CI: 1.12–2.14).

For the straight-to-surgery patients, the median survival
in the ‘early’ cohort (1.70 years, 95% CI: 1.27–2.13 years)
was similar to that in the ‘late’ cohort (1.92 years, 95% CI:
1.30–2.54 years) (p=0.542). However, as mentioned above,
those in the ‘late’ group were significantly older (Table 1).

Of the 275 patients who underwent MAGIC chemotherapy,
149 (54.2%) received some postoperative chemotherapy;
these patients had an average of 2.54 cycles following sur-
gery. In total, only 100 patients (36.4%) completed the full 6
cycles of the MAGIC regimen and the median survival in this
group was 3.23 years, which was not significantly different
to that in the MAGIC cohort as a whole (p=0.479).

Tumour regression grading

A total of 372 patients were identified (median follow-up
duration 5.50 years) who underwent resection for oesopha-
geal or GOJ adenocarcinoma and had received preoperative
chemotherapy using a standard regimen. Of these, the TRG
was calculated for 336 patients. In this cohort, there was a

Table 1 Demographics of patients undergoing preoperative chemotherapy with either MAGIC or OE02-type drugs as well as of
those receiving surgery alone during the matching time periods

Chemotherapy Surgery alone

OE02 (n=97) MAGIC (n=275) p-value OE02 era (n=144) MAGIC era (n=196) p-value

Median age in years (IQR) 63.0 (57.0–69.0) 64.0 (58.2–70.1) 0.233* 73.0 (64.5–77.5) 75.0 (67.0–79.0) 0.027*

>70 years 23.7% 28.0% – 59.7% 67.8% –

Male 87.6% 85.8% – 86.8% 79.9% –

30-day mortality 3.1% 2.2% 0.702** 7.2% 6.9% 0.536**

Oesophageal cancer 25 (25.8%) 109 (39.6%) 0.009** 30 (20.8%) 80 (40.8%) <0.001**

GOJ cancer 72 (74.2%) 166 (60.4%) 114 (79.2%) 116 (59.2%)

Stage 0 1 (1.0%) 9 (3.3%) 0.022† 0 (0%) 3 (1.5%) 0.032†

Stage 1 9 (9.3%) 54 (19.6%) 23 (16.0%) 42 (21.4%)

Stage 2 25 (25.8%) 53 (19.3%) 57 (39.6%) 50 (25.5%)

Stage 3 57 (58.8%) 155 (56.4%) 62 (43.1%) 100 (51.0%)

Stage 4 5 (5.2%) 4 (1.5%) 2 (1.4%) 1 (0.5%)

TRG 1–3 20 (28.2%) 82 (30.9%) 0.384† N/A –

TRG 4 and 5 51 (71.8%) 183 (69.1%)

TRG not recorded 26 (26.8%) 10 (3.6%) – N/A –

Mean cycles of preoperative
chemotherapy

1.95 2.86 <0.001‡ N/A –

Mean cycles of postoperative
chemotherapy

0 1.37 – N/A –

Mean total cycles of
chemotherapy

1.95 4.24 <0.001‡ N/A –

GOJ = gastro-oesophageal junction; IQR = interquartile range; TRG = tumour regression grade
*Mann–Whitney U test; **Fisher’s exact test; † chi-squared test; ‡t-test
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survival benefit for those who had a good histological
response to chemotherapy compared with those who did not
(median survival for TRG 1–3: 5.41 years, 95% CI: 3.89–6.93
years; median survival for TRG 4 and 5: 2.29 years, 95% CI:
1.80–2.78 years; p<0.001, HR: 0.53, 95% CI: 0.39–0.74).

Table 2 shows the numbers of OE02 and MAGIC patients
with different TRG scores. The proportion of responders was
not significantly higher among MAGIC patients (31.7%)
than among OE02 patients (28.1%) (p=0.500) even though

the MAGIC regimen was shown to be associated with
improved survival.

However, the benefits of MAGIC therapy seemed to exist
for both responders and non-responders. Non-responders
had better survival following the MAGIC regimen than fol-
lowing the OE02 regimen (OE02 median survival: 1.97
years, 95% CI: 1.34–2.60 years; MAGIC median survival: 3.17
years, 95% CI: 2.30–4.04 years; p=0.004, HR: 1.55, 95% CI:
1.15–2.11) (Fig 3). The survival benefit of MAGIC versus
OE02 chemotherapy in responders was not proven statisti-
cally with the small number of responders, particularly in
the OE02 group (OE02 median survival: 5.43 years, 95% CI
not calculated; p=0.082, HR: 1.74, 95% CI: 0.93–3.26; MAGIC
median survival: 2.27 years, 95% CI: 1.00–3.55 years).

Discussion

No trial exists that directly compares the OE02 and MAGIC
regimens. However, provisional data of the MRC’s OE05 trial
show improvement in surrogate markers of survival when
four cycles of epirubicin, cisplatin and capecitabine are used
preoperatively compared with patients given cisplatin and
fluorouracil (OE02 regimen).11 On the other hand, there
was no difference in overall survival at the current follow-up
review.

The results of the OE05 trial demonstrated better survival
than expected in both study arms11 (presumably owing to
improvements in staging and perioperative care) and a lon-
ger follow-up period may be required than the three-year
survival outcomes currently reported to determine the final
outcome. With prolonged follow-up review, it is possible that
the surrogate markers of survival may yet translate into
improved overall survival and our data would complement
this understanding of neoadjuvant treatment. The MAGIC
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Figure 1 Kaplan–Meier survival analysis of all patients with
oesophageal and gastro-oesophageal junction adenocarcinomas
who received either OE02 or MAGIC-type chemotherapy prior to
surgery

1.0

(A) (B)

0.8

0.6

Cu
m

ul
at

iv
e 

su
rv

iv
al

0.4

0.2

0.0

0.00

OE02 25 10 6 3 3

2

2

132863109MAGIC

Number at risk

2.00 4.00 6.00 8.00

Overall survival (Years)

p=0.023

OE02
MAGIC
OE02-censored
MAGIC-censored

10.00 12.00

1.0

0.8

0.6

Cu
m

ul
at

iv
e 

su
rv

iv
al

0.4

0.2

0.0

0.00

OE02 72 37 19 15

18

10 8 5 1

44595166MAGIC

Number at risk

2.00 4.00 6.00 8.00

Overall survival (Years)

p=0.008

OE02
MAGIC
OE02-censored
MAGIC-censored

10.00 12.00 14.00

Oesophageal cancer Gastro-oesophageal junction cancer

Figure 2 Kaplan–Meier subgroup analysis of patients with oesophageal cancer (A) and gastro-oesophageal junction cancer (B) who
received either OE02 or MAGIC-type chemotherapy prior to surgery
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regimen does differ from the OE05 regimen and the impact
of the fourth neoadjuvant cycle in OE05 chemotherapy as
well as the adjuvant portion of MAGIC therapy remain
poorly defined. As a result, the data of the present study
remain important in defining the outcomes of these specific
regimens.

Analysis of our cohort also addresses the absence of evi-
dence for using MAGIC chemotherapy in cases of oesopha-
geal cancer. While the original trial grouped gastric with
oesophageal cancer patients, the reporting of differences
between anatomical sites is crucial as the behaviour of
tumours at these sites can vary greatly owing to underlying
biological differences,12,13 which are likely to be of great
importance in the design of future clinical trials that incor-
porate novel targeted chemotherapeutic agents. Our
research has demonstrated that these agents can achieve
good survival outcomes in oesophageal cancer.

There are, of course, certain limitations of this analysis.
The OE02 group predates the MAGIC cohort and would not
have benefited from improvements in care that were imple-
mented later in the study period, creating a bias that is

difficult to quantify. However, the benefit from MAGIC-type
chemotherapy is unlikely to just be related to general
improvements in perioperative care as there was no signifi-
cant difference in survival in the corresponding straight-to-
surgery groups.

On the other hand, average age increased between the
groups and this may have masked improvements in age
matched patients. Changes in case selection have meant
that surgery is offered to increasingly frail individuals (as
implied by the rising age). As a result, the static survival
does seem to indicate some improvements in perioperative
care as more frail patients survived surgery. The age of those
receiving neoadjuvant treatment changed less over time and
so although advances have allowed surgery to be offered to
older patients, the same does not apply to chemotherapy.

The OE02 and CROSS (chemoradiotherapy for oesopha-
geal cancer followed by surgery) trials recruited approxi-
mately ten years apart (closing in 1998 and 2008); both
included straight-to-surgery arms, albeit from different
countries in Europe.4,14 The median survival in each
straight-to-surgery trial arm was approximately 13 months

Table 2 Frequency of TRG response (1–3) and non-response (4 and 5) of oesophageal and gastro-oesophageal junction cancer to
either OE02 or MAGIC-type preoperative chemotherapy

Regimen TRG 1 TRG 2 TRG 3 TRG 4 TRG 5 Total

OE02 1 (1.4%) 3 (4.2%) 16 (22.5%) 24 (33.8%) 27 (38.0%) 71

MAGIC 9 (3.4%) 25 (9.4%) 50 (18.9%) 93 (35.1%) 88 (33.2%) 265

Total 10 28 66 117 115 336

TRG = tumour regression grade
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Figure 3 Kaplan–Meier survival analysis of patients undergoing resection who had a good response (A) or a poor response (B) following
either OE02 or MAGIC-type chemotherapy
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in the OE02 study and 24 months in the CROSS study, sug-
gesting an improvement in survival related to improved
perioperative care and selection over the time period
between the two trials, although a small age difference may
have also contributed to this. Changes in service provision
in the UK have led to centralisation of services during this
time, which could also account for the poor survival in the
OE02 trial. Our data come from a single high volume spe-
cialist centre and are therefore not subject to this aspect of
the improvements occurring over this time period.

This study showed survival differences between the che-
motherapy cohorts of mostly greater than one year (both
overall and for anatomical subgroup analysis) over a much
smaller time gap than that between the OE02 and CROSS tri-
als (approximately 6 years). For this reason, it can be con-
cluded that although some of the improvement will relate to
better staging and perioperative care, this cannot be of a
magnitude to account for all the improvement. Unfortu-
nately, further data regarding confounding factors that may
also have also affected outcomes are missing for patients
treated in the earlier part of our study. Consequently,
although an association cannot be proven, it can be hypoth-
esised that part of the improvement in survival is related to
the differing chemotherapy regimens.

Another important problem when comparing OE02 and
MAGIC groups is that the analysis only includes patients
who underwent surgery following chemotherapy and there-
fore excludes patients dropping out of neoadjuvant treat-
ment. The original trials suggest that the proportion of
patients unable to have surgery were similar for those
undergoing OE02 and MAGIC therapy (7.0% and 6.1%
respectively).2,4 Conversely, an examination of 100 patients
treated with MAGIC chemotherapy in Nottingham revealed
that as many as 19% of those commencing MAGIC treatment
with curative intent failed to proceed to surgery.15

Although not demonstrated in the original trials, the lon-
ger and more aggressive chemotherapy given in a MAGIC
regimen would intuitively be expected to result in greater
toxicity and disease progression prior to surgery in resistant
cases. As such, an intention-to-treat analysis (that included
the survival outcomes of those who started treatment but did
not undergo surgery) would be a more accurate comparison.
However, it was not possible to satisfactorily identify and
determine which historical patients started treatment with
curative intent.

The fact that cancer stage was generally lower following
the MAGIC regimen may reflect the increased frequency of
response to chemotherapy although there was no statisti-
cally significant increase in the proportion of responders as
determined by TRG. Furthermore, in the straight-to-surgery
cohort, disease stage also differed between the ‘early’ and
‘late’ groups; the ‘early’ group had a higher proportion of
stage 2 cases while the ‘late’ group had a higher proportion
of stage 1 and 3 patients (Table 1). This could partly be due
to a change in practice, with the ‘early’ period being defined
by preoperatively low stage disease (mostly stage 2 at resec-
tion) and the ‘late’ period containing more elderly patients,
known to have stage 3 disease but offered surgery owing to a
lack of fitness for chemotherapy.

This hypothesis may not account entirely for the changes
seen. Nevertheless, there is no evidence of a decrease in
stage in our population over time due to earlier detection of
disease or due to the impact of improvements in preopera-
tive staging,16 which would account for the lower stage dis-
ease of the MAGIC group.

The higher ratio of GOJ to oesophageal cancer cases seen
in the OE02 group could create bias as oesophageal cancer
may have a different survival expectation to that for GOJ
cancer. However, among the patients in our study treated
with OE02 therapy, survival was similar in the oesophageal
(1.97 years) and GOJ (1.95 years) subgroups, suggesting that
each type of cancer carried a similar prognosis (at least in
this study cohort).

The survival advantage of MAGIC chemotherapy
appeared to exist for non-responders as well as responders
(Fig 3). As the amount of regression was not statistically dif-
ferent between the OE02 and MAGIC groups (p=0.384),
there must be tumour responses other than regression that
offer a survival advantage that are not apparent using histo-
logical techniques. This hypothesis is supported by the fact
that non-responders had significantly better survival with
MAGIC than with OE02 therapy (p=0.004). Although the sur-
vival difference between the responder cohorts failed to
reach statistical significance (p=0.082) despite the widely
differing median survival, this can be explained by the small
number of responders to the OE02 regimen.

It is known that cells may undergo various responses
when stressed by drug treatment, and this may include
necrosis, apoptosis, autophagy and cellular senescence.17,18

MAGIC chemotherapy may be inducing some of these non-
fibrotic changes. Alternatively, the MAGIC regimen may be
more effective in treating micrometastatic disease than is
evident in primary tumours while response to OE02 therapy
is similar across heterogeneous sites.

Clearly, markers of response are useful and may help in
guiding treatment choices in the future. It must be remem-
bered, however, that TRG is a surrogate marker of response
and therefore may not be accurately detecting some aspects
of response. It remains to be shown whether the benefit of
MAGIC chemotherapy is due to the extra treatment given
pre or postoperatively, or whether both treatment phases are
of equal importance.

Conclusions

Although definitive evidence for using MAGIC-type chemo-
therapy to treat oesophageal cancer was not provided by the
original trial data, our study has added support for the view
that good results can be achieved using this regimen in
oesophageal and GOJ cancer patients. MAGIC therapy may
represent one of the major improvements in care over the
last ten years that have promoted improved survival com-
pared with OE02 treatment in previous years.
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