
Page 1 of 13

© Therapeutic Radiology and Oncology. All rights reserved. Ther Radiol Oncol 2018;2:30tro.amegroups.com

Original Article

Effectiveness and acute toxicity of intensity-modulated 
radiotherapy versus three-dimensional conformal radiotherapy in 
pancreatic cancer: a systematic review and a meta-analysis

Chia-Na Chang1, Wan-Ting Hsu2, Guilin Li3 

1Department of Radiation Oncology, Wan Fang Hospital, Taipei Medical University, Taipei, Taiwan; 2Department of Epidemiology, Harvard TH 

Chan School of Public Health, Boston, Massachusetts, USA; 3Department of Epidemiology, Harvard TH Chan School of Public Health, Boston, 

Massachusetts, USA

Contributions: (I) Conception and design: CN Chang; (II) Administrative support: WT Hsu; (III) Provision of study materials or patients: CN Chang, 

WT Hsu; (IV) Collection and assembly of data: CN Chang, WT Hsu; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All 

authors; (VII) Final approval of manuscript: All authors. 

Correspondence to: Chia-Na Chang, MD. Department of Radiation Oncology, Wan Fang Hospital, Taipei Medical University, No.111, Xinglong 

Road, Section 3, Wenshan District, Taipei, Taiwan. Email: alkaloid187@gmail.com.

Background: Intensity-modulated radiotherapy (IMRT) produces a concave dose distribution to reduce 
gastrointestinal (GI) toxicity in patients with pancreatic cancer. The aim of this study is to summarize 
the current evidence on the survival and organ toxicity of IMRT in comparison with three-dimensional 
conformal radiotherapy (3D-CRT). 
Method: A search was conducted in the PubMed and EMBASE databases to identify studies that reported 
survival and radiation toxicity of IMRT compared to 3D-CRT. The primary endpoint for comparison was 
1-year overall survival (OS). Pooled effect estimates were calculated using fixed-effect or random-effect 
models for all-cause mortality, acute GI toxicity and hematologic (HEMA) toxicity.
Results: The initial search yielded a total of 528 articles from PubMed and EMBASE. After inclusion and 
exclusion based on pre-defined criteria, eight studies with head-to-head comparisons between IMRT and 
3D-CRT were included for final analysis. In meta-analysis, The IMRT group was associated with a reduced 
1-year mortality [relative risk (RR) =0.92; 95% confidence interval (CI): 0.86–0.99, P=0.017] and 2-year 
mortality (RR =0.96; 95% CI: 0.94–0.99, P=0.001). The radiation-induced ≥ grade 3 GI toxicity rate was 
significantly lower in the IMRT group than in the 3D-CRT group (RR =0.69; 95% CI: 0.50–0.96, P=0.046), 
while the HEMA toxicity was comparable between IMRT and 3D-CRT groups (RR: 1.13, 95% CI:  
0.89–1.44, P=0.716).
Conclusions: Despite several methodological and sample size limitations, reports from the current 
literature suggest a moderate survival advantage and attenuated GI toxicity of IMRT as compared with 
3D-CRT. HEMA toxicity were found no significant difference between IMRT and 3D-CRT.
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Introduction

Pancreatic cancer is one of the most aggressive malignancies 
with a very poor prognosis. When first detected, about 40% 
of patients have distant metastases and 30–40% have locally 
advanced disease precluding resection (1). Only a relatively 
small fraction of patients (<20%) can be treated with 
resection (1,2). Chemoradiotherapy is the current standard 
treatment modality for patients with locally advanced 
pancreatic cancer, with some patients achieving secondary 
resectability after chemoradiotherapy (2).

Nevertheless, chemoradiotherapy of pancreatic cancer 
often causes toxicity that can lead to considerable loss of 
quality of life. The retroperitoneal position of the pancreas 
places the stomach and duodenum within the radiation 
field, and concurrent chemoradiation therapy (CCRT)-
related toxicity of both organs become major dose-limiting 
factors (3,4). Acute gastrointestinal (GI) toxicity related 
to CCRT of pancreatic cancer includes nausea, vomiting, 
diarrhea, abdominal pain, and bleeding. Acute hematologic 
(HEMA) toxicity includes neutropenia, thrombocytopenia, 
or pancytopenia. Physicians usually evaluate GI and HEMA 
toxicity by credible criteria, as National Cancer Institute 
Common Terminology Criteria for Adverse Events (NCI 
CTCAE). The toxicity tends to lower the patient’s quality 
of life, can delay the treatment of pancreatic cancer, and can 
be life-threatening (3,5).

In recent years, intensity-modulated radiotherapy 
(IMRT) has been proposed as an alternative to conventional 
3D-conformal radiat ion therapy (3D-CRT).  The 
rationale was a reduction of therapy-related toxicity due 
to improved sparing of normal tissue (4-6). However, 
several shortcomings of IMRT, such as higher cost, higher 
requirement for immobilization during treatment, and a 
longer period of planning, cannot be ignored (7). Many 
studies have reported the treatment outcomes of IMRT, 
with inconsistent results. Many of these studies were 
small in size, varied in patient staging, and lacked parallel 
comparison groups (8-14). Evidence on whether IMRT 
offers advantages over 3D-CRT remains inconclusive.

The aim of this study is thus to summarize the current 
evidence regarding the clinical effectiveness and safety 
of IMRT as compared with 3D-CRT. We conducted a 
systematic review and a meta-analysis with the primary 
research question of whether OS can be improved using 
IMRT as compared with 3D-CRT. The secondary aim 
was to derive comparative effect estimates on the organ 
toxicity, specifically GI and HEMA toxicity, in patients with 

pancreatic cancer.

Methods

Search strategy

We conducted a systematic literature search of intensity-
modulated radiotherapy and pancreatic cancer using 
Medline (via PubMed) and EMBASE from 1975 through 
December 2017. Two authors (WT Hsu and CN Chang) 
independently performed the literature search. Medical 
Subject Headings (MeSH) and the EMBASE TREE tool 
(EMTREE) were used to guide the choice of appropriate 
search terms in other databases. The first query was made 
using the following exploded headings and independent 
terms: “intensity-modulated radiotherapy” OR “intensity-
modulated radiation therapy” OR “intensity-modified 
radiotherapy”. The second query was made using exploded 
headings and independent terms for pancreatic cancer: 
“pancreatic cancer” OR “pancreatic neoplasm”. We 
restricted our search to adults (age >18 years). A similar 
search strategy and search terms were used in EMBASE. We 
did not set limitations on language, country, or publication 
date. To ensure a comprehensive literature review, manual 
searches were also performed using the reference lists of 
retrieved articles, conference abstracts, and other databases, 
including the Web of Science and Cochrane databases. 

Inclusion and exclusion criteria

Study selection is summarized in Figure 1. Two reviewers 
independently identified articles eligible for in-depth 
examination using the same set of inclusion and exclusion 
criteria. Studies were included if either survival or acute 
toxicity related to radiation therapy were reported. Relevant 
radiation treatment modalities were defined as IMRT 
with or without comparison to 3D-CRT as the primary 
radiation technique performed as concurrent, neoadjuvant, 
or adjuvant therapy. We included cohort studies, case-
control studies, cross-sectional surveys, and randomized 
controlled trials. When multiple articles reported on the 
same study population, we included only the studies with 
the largest population that met the inclusion criteria. We 
excluded case reports, case series, review articles, guidelines, 
commentaries, and editorials. Studies with only dosimetric 
or planning data were excluded. Studies not reporting 
survival outcome or toxicity grading were excluded. Patients 
receiving hypo-fractionated radiotherapy were excluded. 
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We also excluded studies not published in English. Any 
discrepancies concerning article inclusion or exclusion 
between reviewers were resolved by a consensus meeting of 
three authors (WT Hsu, G Li and CN Chang). In the end, 
eight studies were included in this analysis (15-22). 

Data extraction and synthesis

Data on study location, population characteristics including 
age range and sex ratio, number of participants, type 
of radiotherapy, chemotherapy, surgical interventions, 
resectability rate, median overall survival (OS), 1-year 
and 2-year OS were extracted. The incidence of acute GI 
and HEMA toxicity was calculated in each study with the 
available data. When studies were identified as containing 

pertinent data not included in the published article, we 
contacted the authors to obtain the missing data. When 
a response was not provided, such articles were excluded. 
When data regarding median OS, 1- or 2-year OS were 
not available in the text, we calculated the data from the 
reported Kaplan-Meier survival curves when available.

Quality assessment

The quality of the selected studies was evaluated 
independently by two reviewers using the modified 
Newcastle-Ottawa Scale (NOS). The NOS is a tool to 
assess the quality of non-randomized studies in terms of 
design, content, and ease of use directed to the task of 
incorporating the quality assessments. The NOS scale has 

528 studies identified from literature search: 

216 from PubMed and 312 from Embase database

488 studies excluded based on screening of 

titles and abstracts using pre-defined criteria

5 duplicate studies excluded

22 relevant citations identified from reference 

lists of retrieved literature and other databases

57 potentially relevant studies were identified for full 

text review

10 dosimetric or planning studies

2 review articles

1 study on hypo-fractionated radiotherapy

1 study on non-pancreatic cancer 

3 non-English studies

8 studies with inadequate data

24 IMRT-only studies

8 studies with head-to-head comparison between 

IMRT and 3D-CRT were eligible for final analysis

Figure 1 Process of study inclusion and exclusion.
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eight domains: selection, including representativeness of 
the exposed cohort, selection of the non-exposed cohort, 
ascertainment of exposure, demonstration that the outcome 
of interest was not present at the start of the study; and 
comparability; outcome, including its assessment, follow-
up period, and adequacy of follow up of cohorts (23). 
Disagreements between the two reviewers were resolved by 
a consensus discussion with a third author. 

Statistical analysis 

We followed the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) guidelines for meta-
analysis of observational studies in our data extraction, 
analysis, and reporting. Heterogeneity was tested using 
the Cochran Q statistic (P<0.05 where a P<0.05 suggested 
significant heterogeneity) and quantified with the I² 
statistic, which describes the variation of effect size that is 
attributable to heterogeneity across studies (24,25). The 
value of the I² statistic was used to select the appropriate 
pooling method: fixed-effects models were used for when 
I² <50% and random-effects models for when I² ≥50%. 
Confidence intervals (CIs) for the of I² were calculated 
by the methods as suggested by Higgins et al (25,26). 
Pooled relative risks (RRs) were summarized with using 
the Mantel-Haenszel method for fixed-effects models (27) 
and the DerSimonian and Laird method for random-effects 
models (28). Statistical analyses were performed using the 
metan and metabias commands in Stata 11 (StataCorp, 
College Station, TX, USA). The metan, metabias, macros 
were used for meta-analytic procedures. P values <0.05 were 
considered statistically significant.

Results

Study characteristics

As shown in Figure 1, after screening of titles and abstracts, 
a total of 57 articles were identified for potential inclusion 
in our systematic review and meta-analysis. After examining 
the full texts of these articles, and applying our inclusion 
and exclusion criteria, we included eight cohort studies 
(with a total of 4,074 patients) in our final analysis, as shown 
in Table 1 (15-22). All studies were single-center cohort 
studies, except one study that analyzed the national cancer 
database jointly developed by the American College of 
Surgeons and the American Cancer Society (19). The large 
sample size of this study accounted for 65.9% (n=2,684) of 

all included patents. Most studies used a historical internal 
cohort of patients treated with 3D-CRT as the comparison 
group (16-22), except 2 studies (15,18) that used an external 
3D-CRT cohort from a previously published randomized 
controlled trial as the comparison (29,30).

Quality assessment of the included studies

NOS was used to evaluate of the risk of bias and 
applicability, as shown is Table 2. There were three 
studies categorized as poor quality and high-risk of bias 
because comparability could not be confirmed (15,18,20). 
Nevertheless, the other five studies were categorized as 
good quality with low-risk of bias (16,17,19,21,22).

Treatment modality and patient characteristics

Of the eight included studies, 3 included patients with 
advanced unresectable pancreatic cancer and used 
radiotherapy as definitive CRT (19,20,22), 4 studies 
included patients with locally advanced pancreatic cancer 
with borderline resectability and used radiotherapy 
a s  neoad juvant  therapy  to  ach ieve  resec tab i l i ty  
(15-17,21), and the remaining study included a mixed 
patient population and used radiotherapy as either 
definitive or adjuvant therapy. Among four studies using 
radiotherapy as neoadjuvant treatment, the average rate 
of resectability after radiotherapy was 26.9% (range,  
15.5–30.6%). Gemcitabine and 5-fluorouracil were the 
main chemotherapeutic agents used.

Dosimetric comparison of 3D-CRT and IMRT for organs 
at risk of toxicity

The radiation doses used ranged from 42.0 to 59.4 Gy. Only 
one study, Jin et al., reported the dosimetric comparison 
between IMRT and 3D-CRT in relation to toxicity; IMRT 
was associated with significantly reduced organ volumes at 
risk of toxicity at levels of 10, 20, or 30 Gy (20). 

Treatment outcome comparison 

Data on median OS, 1-year OS, and 2-year OS were 
available in six studies (15,16,18,19,21,22). The median 
OS of  the IMRT group was 23.9 months (range,  
11.0–32.0 months), as compared to 14.6 months (range, 
11.0–18.7 months) in the 3D-CRT group. The 1-year OS 
ranged from 36% to 89%, and the 2-year OS ranged from 
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0% to 61%. Among the 4 studies of neoadjuvant CRT  
(15-17,21), Masui et al. reported the best outcome 
in patients receiving IMRT, with a median OS of  
32.0 months, a 1-year OS of 89%, and a 2-year OS of 61%. 
In contrast, outcomes in patients receiving 3D-CRT were 
worse, with a median OS of 13.8 months, a 1-year OS of 
50%, and a 2-year OS of 17%. In the single study that 
used postoperative adjuvant CRT as the main treatment 
modality (18), IMRT also showed a survival advantage over 
3D-CRT; the median, 1-year, and 2-year OS for the IMRT 
group were 24.8 months, 77.4%, and 54.8%, as compared 
to 18.7 months, 69.2%, and 37.0% for 3D-CRT group, 
respectively.

In the meta-analysis, six studies were available for 
comparison of IMRT and 3D-CRT regarding all-cause 
mortality (15,16,18,19,21,22), as shown in Figure 2 and 
Figure 3. The pooled RR comparing 1-year mortality 
between IMRT and 3D-CRT groups was 0.92 (95% CI: 
0.86–0.99, P=0.017, I² =63.6%; random-effect model). The 
pooled RR comparing 2-year mortality between IMRT and 
3D-CRT groups was 0.96 (95% CI: 0.94–0.99, P=0.001,  
I² =75.8%; random-effect model). 

GI and HEMA toxicity

Data on GI toxicity were reported in four studies (n=1,020) 
(16,18,20,22) and data on HEMA toxicity were provided 
in three studies (n=320) (17,21,22). GI toxicity and HEMA 
toxicity were discriminated by NCI CTCAE version 4.0 
(16,18,22), or NCI CTCAE version 3.0 (20). IMRT was 
associated with reduced GI toxicity but similar or higher 
HEMA toxicity as compared with 3D-CRT. The median 
incidence of ≥ grade 3 GI toxicity was 6.9% (range, 0–35.0%) 
in the IMRT group and 16.5% (range, 0–41.6%) in the 
3D-CRT group. The median incidence of ≥ grade 3 HEMA 
toxicity was 46.6% (range, 33.3–56.0%) in the IMRT group 
and 33.3% (range, 33.3–52.1%) in the 3D-CRT group. 

In the meta-analysis, three studies were available for 
comparison of IMRT and 3D-CRT regarding ≥ grade  
3 GI toxicity (18,20,22), as shown in Figure 4. The pooled 
RR comparing ≥ grade 3 GI toxicity between IMRT and 
3D-CRT groups was 0.69 (95% CI: 0.50–0.96, P=0.046,  
I² =67.6%; random-effect model). Three studies were 
avai lable  for  comparison of  IMRT and 3D-CRT  
regarding ≥ grade 3 HEMA toxicity (17,21,22), as shown 
in Figure 5. IMRT did not significantly reduce ≥ grade  
3 HEMA toxicity with a RR of 1.13 (95% CI: 0.89–1.44, 
P=0.716; fixed-effect model). 
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Figure 2 Risk of death at 1st year comparing IMRT to 3D-CRT. IMRT, intensity-modulated radiotherapy; 3D-CRT, three-dimensional 
conformal radiotherapy.

Figure 3 Risk of death at 2nd year comparing IMRT to 3D-CRT. IMRT, intensity-modulated radiotherapy; 3D-CRT, three-dimensional 
conformal radiotherapy.
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Figure 4 Risk of GI toxicity comparing IMRT to 3D-CRT. IMRT, intensity-modulated radiotherapy; 3D-CRT, three-dimensional 
conformal radiotherapy; GI, gastrointestinal.

Figure 5 Risk of HEMA toxicity comparing IMRT to 3D-CRT. IMRT, intensity-modulated radiotherapy; 3D-CRT, three-dimensional 
conformal radiotherapy; HEMA, hematologic.
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Discussion

IMRT is designed to more accurately deliver therapeutic 
radiation to target organs, thereby increasing dose 
delivery to tumors and reducing toxicity to normal organs. 
However, its effect on pancreatic cancer as compared 
with 3D-CRT has largely been inferred from case series 
without appropriate controls. Few parallel head-to-head 
comparisons of IMRT with 3D-CRT have been performed. 
Therefore, we conducted this systematic review and meta-
analysis to summarize the current evidence regarding the 
effectiveness and toxicity of IMRT compared with 3D-CRT. 
We included 8 eligible studies, with a total of 4,074 patients, 
and found that IMRT was associated with improved survival 
and reduced GI or HEMA toxicity as compared with 
3D-CRT. We did not find that the treatment modalities 
differed in terms of HEMA toxicity.

In comparison to a previous systematic review (31) that 
included several IMRT case series without appropriate 
controls, we only included studies with a parallel head-
to-head comparison between IMRT and 3D-CRT. This 
strategy reduces the potential bias resulting from indirect 
comparisons, including heterogeneity in patient tumor 
staging, concurrent chemotherapy regimen, follow-
up period, radiation dose, and quality of supportive care 
among different institutions. Furthermore, our systematic 
review and meta-analysis included 6 additional studies  
(15-17,19-22) not included in the previous review (31), 
reflecting a more contemporary approach to pancreatic 
cancer therapy. 

Three of the 6 studies with outcome data showed a 
significant survival advantage of IMRT over 3D-CRT 
(16,19,21), likely on the basis of a higher dose delivered 
accurately to the target organ. In these 3 studies, the 
median radiation dose was higher in the IMRT group (42.0– 
58.4 Gy) than in the 3D-CRT group (39.0–47.7 Gy). The 
study by Masui et al. reported the best treatment outcomes, 
with a median survival of 32 months and a 2-year survival 
of 61% (21). In this study, the mean radiation dose in 
the IMRT group was 42.7 Gy, compared to 39.0 Gy in 
the 3D-CRT group. Other factors that may account for 
the better outcomes in this study include patients with 
less advanced pancreatic cancer, high resectability rate 
achieved (60%) after neoadjuvant therapy, and the use of 
S-1 treatment (oral form of Tegafur, gimeracil, and oteracil) 
after surgery (21). The study by Combs et al. reported 
the worst treatment outcomes, with a median OS of  
11.0 months, a 1-year OS of 36%, and a 2-year OS of 8%. 

This study did not find a significant survival difference 
between IMRT and 3D-CRT (15). The poorer outcomes 
in this study may be due to the inclusion of more advanced 
stage pancreatic cancer and the low resectability rate 
(30%) achieved after neoadjuvant therapy (15). In meta-
analysis, IMRT still significantly reduced mortality, not 
just reduced the dose to organs at risk or radiation toxicity. 
For eliminating the diversities of different study group 
and setting the appropriate weights to studies with small 
sample size, Mantel-Haenszel weight and DerSimonian 
and Laird method were utilized (27,28). We can define 
this finding as more accurate compared with previous 
systematic review.

Among studies using IMRT as definitive CRT, the study 
by Prasad et al. showed the best prognosis, with a median 
OS of 15.3 months, a 1-year OS of 61%, and a 2-year OS 
of 22%. The better outcome in this study may be explained 
by the use of gemcitabine-based treatment regimens in 
many patients (56%) and the higher irradiation dose delivered  
(56.0 Gy) (22). The study by Amini et al. showed a median OS 
of 12.0 months, a 1-year OS of 49%, and a 2-year OS of 13% 
in the IMRT group. The treatment outcomes in the 3D-CRT 
group were inferior, with a median OS of 11.0 months, a 1-year 
OS of 45%, and a 2-year OS of 12% (19). 

Although this study has the largest number of patients, 
the study was conducted at a time when gemcitabine 
was not widely used in patients with pancreatic cancer. 
Previously, patients who underwent definitive CRT own 
the highest severity and the worst prognosis, median OS 
was around 11.2 months in ECOG E4201 trial, included 
patients who underwent definitive CRT with 3D-CRT (32).  
These studies we selected in our systematic review and 
meta-analysis reported the better survival compared with 
the outcome of ECOG E4201 trial, published on 2011. 

In regard to radiation toxicity, most studies showed that 
IMRT resulted in a lower incidence of GI complications as 
compared to 3D-CRT; however, the study by Jin et al. did 
not find a significant difference between IMRT (35%) and 
3D-CRT (42%) (20). 

In meta-analysis, IMRT reduced significantly ≥ grade  
3 GI toxicity, as our expectation. Previously, we usually 
think of IMRT as the technique reducing doses to organs 
at risk, nevertheless, we can confirm IMRT is able to 
reduce the GI toxicity now. In relation to HEMA toxicity, 
IMRT was not associated with a lower incidence of 
complications as compared to 3D-CRT. The study by 
Prasad et al. reported the highest incidence of HEMA 
toxicity, with an incidence of 56% in the IMRT group 
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and 52% in the 3D-CRT group (22). The study by Masui 
et al., however, reported the lowest incidence of HEMA 
complications (33%) in both groups (21). The lack of a 
bone marrow-sparing effect of IMRT may be explained 
by the widespread use of concurrent gemcitabine 
chemotherapy in this group, which may have resulted in 
more myelosuppression (33). Since gemcitabine is the 
conventional and effective chemotherapy regimen, we 
cannot cut off it only for HEMA toxicity. All we can do 
are monitoring lab data of hematology and preventing 
infection carefully. 

Limitations 

Results of this systematic review and meta-analysis should 
be interpreted in view of some limitations. First, the 
survival benefit of IMRT may be exaggerated because of 
the differences in clinical practice over time. Amini et al. 
analyzed the US national cancer database and showed that 
the use of IMRT increased from 50% in 2005 to 80% in 
2006, with a persistent increasing trend thereafter (19). 
When 3D-CRT was the prevalent treatment modality, 
the efficacy of the chemotherapeutic agent gemcitabine 
was less clear, and it was thus utilized less often. We 
found that patients receiving IMRT were more likely 
to receive gemcitabine-based concurrent chemotherapy 
(16,22); therefore, the survival advantage of IMRT may 
also be related to the chemotherapeutic regimen used. 
Advancements in chemotherapy, targeted therapy, and 
supportive care also need to be taken into account. 
Secondly, contemporary head-to-head comparison studies 
are limited; thus, we were unable to perform a potential 
publication bias analysis. Lastly, Amini et al. is the study 
based on NCDB, so it consists massive study population, 
compared with other studies of smaller sample size. The 
fact that Amini et al. accounts for the dominate group of all 
included patients, may affect the outcome.

Conclusions

Our systematic review and meta-analysis suggests that 
IMRT may be superior to 3D-CRT in the treatment of 
pancreatic cancer and may be associated with significantly 
reduced incidence of GI toxicity. We did not observe a 
reduction in the incidence of HEMA toxicity with IMRT. 
IMRT may be considered as a standard curative treatment 
for patients with pancreatic cancer, regardless of patient 
characteristic or treatment modality. 
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