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Abstract
Background: According to guidelines, all patients with sarcoma must be managed from initial diagnosis at expert sarcoma
centers. However, in everyday practice, the time interval to an expert center visit can be long, which delays presentation to an
expert multidisciplinary tumor board and increases the risk of inappropriate management, negatively affecting local tumor control
and prognosis. The advent of mobile health offers an easy way to facilitate communication and cooperation between general
health care providers (eg, general practitioners and radiologists) and sarcomas experts. We developed a mobile app (Sar’Connect)
based on the algorithm designed by radiologists from the French Sarcoma Group. Through a small number of easy-to-answer
questions, Sar’Connect provides personalized advice for the management of patients and contact information for the closest expert
center.
Objective: This retrospective study is the first to assess this mobile app’s potential benefits in reducing the time interval for
patient referral to an expert center according to the initial clinical characteristics of the soft tissue tumor.
Methods: From May to December 2021, we extracted tumor mass data for 78 patients discussed by the multidisciplinary tumor
boards at 3 centers of the French Sarcoma Group. We applied the Sar’Connect algorithm to these data and estimated the time
interval between the first medical description of the soft tissue mass and the referral to expert center. We then compared this
estimated time interval with the observed time interval.
Results: We found that the use of Sar’Connect could potentially shorten the time interval to an expert center by approximately
7.5 months (P<.001). Moreover, for half (31/60, 52%) of the patients with a malignant soft tissue tumor, Sar’Connect could have
avoided inappropriate management outside of the reference center. We did not identify a significant determinant for shortening
the time interval for referral.
Conclusions: Overall, promoting the use of a simple mobile app is an innovative and straightforward means to potentially
accelerate both the referral and management of patients with soft tissue sarcoma at expert centers.
(JMIR Mhealth Uhealth 2022;10(11):e40718) doi: 10.2196/40718
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Introduction
Sarcomas are malignant mesenchymal tumors that can arise
from any soft tissue or bone. Soft tissue sarcoma (STS)
represents less than 1% of adult cancers and is characterized by
important heterogeneity in clinical presentation, histological
subtypes, and aggressiveness [1]. In general, the diagnosis and
management of sarcomas and soft tissue intermediate
malignancies can be inappropriate at nonexpert centers [2]. In
France, only 40% to 50% of patients with sarcoma are treated
according to clinical guidelines [3], even though following these
guidelines is an independent prognostic factor for both
disease-free and overall survival [4]. Nevertheless, a
considerable proportion of patients with sarcoma, particularly
those with smaller soft tissue tumors (STTs), undergo
inappropriate surgery (eg, “whoops” surgery) [5-7] outside of
an expert center, sometimes without any prior imaging being
conducted. Such initial inappropriate surgical procedures lead
to the worst local tumor control and poor survival [8,9]. Blay
et al [10] report that surgery at an expert center significatively
improves overall survival with a hazard ratio of 0.68 compared
to surgery outside an expert center. Furthermore, other
treatments may become necessary after R1/R2 resection, such
as re-excision, with the risk of higher rates of mutilating surgical
procedures or the use of adjuvant radiotherapy or chemotherapy
leading to more side effects [11-13]. Despite the addition of
these treatments, previous studies have shown that unplanned
surgery is always associated with poor outcomes [14,15].
The reasons for “whoops” surgery include difficulty in clinically
discriminating benign from malignant soft tissue masses [16].
Indeed, sarcomas can mimic lipoma, benign neurogenic tumor,
certain infections, and thrombosis, among others [17-21].
Regardless, certain criteria suggestive of STS, including a size
over 5 cm, tumor depth, recent growth, and pain, should lead
to magnetic resonance imaging (MRI) assessment [20,22,23].
A suspicious tumor can present an inhomogeneous density
distribution due to complex pathological changes, including
bleeding, necrosis, walls, and calcification, as opposed to the
usual simple structure and more homogenous density distribution
of a benign STT [24]. As such, the French Sarcoma Group
(FSG) expert radiologist team developed an algorithm to guide
radiologists in identifying benign versus nonbenign STTs based
on the first imaging results [25].
Another reason that could explain this disparity in the
management of patients with sarcoma is the social and
geographical factors of an area that can substantially delay reach
to expert centers, especially for mountainous and precarious
districts [4]. However, the development of the FSG across the
country helped to reduce the risk of nonoptimal management
by proposing an app to help identify and contact the closest
expert center—thus promoting a more homogeneous
management for patients with sarcoma [25].
Shortening the time interval for referral to an expert center for
patients with STS is challenging. To reach most health care
providers and raise their awareness, we developed, with the
help of Chlorophyll Vision, a mobile app called Sar’Connect
in 2021, which aims to increase the rate of early detection of
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STS and facilitate patient referral to expert centers based on the
FSG radiological algorithm and geolocation of health
professionals [26]. The FSG radiological algorithm was adapted
into a list of 3 to 6 short-answer questions based on clinical and
radiologic anonymized information. After answering these
questions, users receive 1 of the 3 available pieces of advice for
orientation: direct referral to an expert center, necessary
complementary imaging, or possible nonexpert center
management (Figure S1 in Multimedia Appendix 1). To our
knowledge, this is the first time that this kind of app was
developed for the management of sarcoma. This study is also
the first to assess the potential benefits of Sar’Connect, which
has been available since April 2021, for the referral and
management of patients with STTs [26].

Methods
Study Design and Recruitment
In this retrospective in silico study, data were collected from 3
different FSG expert centers from May to December 2021:
“Centre Oscar Lambret” (Lille), “Institut de Cancérologie de
l’Ouest” (Nantes), and “Institut de Cancérologie de Strasbourg
Europe” (Strasbourg).

Ethics Approval
Patient data reported in a multidisciplinary tumoral board (MTB)
from an FSG expert center were saved in the NetSarc+ database,
which centrally reviewed them. Patients were warned of this
process before discussion in MTB and were free to refuse the
use of their data. The NetSarc+ data collection and further
analysis were approved by the ethics committees as required
by the applicable national legislation: approval by the “Comité
consultatif sur le traitement de l’information en matière de
recherche dans le domaine de la santé” on September 16, 2010
(authorization number 10.403), and approval by the “Comité
National Informatique et Liberté” on the July 15, 2013
(authorization number 910390, Decision DR-2013-383). No
information used in the study or the app was saved.

Patients
Using a structured questionnaire, we collected data for patients
with soft tissue masses discussed by an MTB from an FSG
expert center. Patient eligibility was as follows: (1) all
consecutive cases of histopathological diagnosis confirmed by
expert pathologist from “Réseau de Référence en Pathologie
des Sarcomes” and (2) cases discussed at the time of initial
diagnosis. We excluded patients with primary bone tumors and
those with carcinoma, melanoma, or hematological
malignancies. In the case of Ewing sarcoma, osteosarcoma, or
chondrosarcoma, patients were only included if the tumor was
extraskeletal and diagnosis was performed based on the biopsy
of a STT. The data collected included histology; date and
medical decisions following the first description of the STT;
date and conclusion from the first MTB; and tumor
characteristics (largest diameter, localization, and, if available,
the type and conclusions of radiological exams). We defined 2
groups: benign tumors and malignant tumors (including
sarcomas and intermediate tumors). Statistical analyses were
performed for each group, both combined and separately.
JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 11 | e40718 | p. 2
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Assessments
Calculation of the interval was based on the following 2 dates:
(1) the date of the first medical description of the soft tissue
mass, as mentioned in the medical files; and (2) the date of the
first consultation or discussion in the MTB at the expert center.
The mobile app was used retrospectively with the medical
information available during the first medical description of the
STT. To run the app, the data needed are the size of the mass
in millimeters; its depth (superficial or deep); its radiological
features (lipid composition, homogeneity, or heterogeneity);
and its clinical characteristics (growth, pain, hardness, and
shrinkage of the mass). No data are stored, and all data are
completely anonymous to protect medical privacy. According
to this information, 3 outcomes are possible: (1) advice for direct
referral to an expert center, (2) advice to undergo a
complementary radiological exam (especially MRI), and (3)
informed of the possibility to manage this mass at a local center.
To match these 3 possible outcomes of Sar’Connect, an
estimated time interval before referral to an MTB was associated
with each of them, as follows. To simulate an acceptable and
conservative time interval for each outcome, we assigned a
1-month interval for direct referral to an expert center and a
2-month interval if a complementary radiological exam was
advised by the algorithm prior to referral. When the algorithm
suggested possible nonexpert center management, an interval
of 0 months was assigned in the case of benign tumors and an
interval equal to the real-life observed time to referral was
assigned in the case of nonbenign tumors. All estimated time
intervals were assigned according to local practice.

Study Objectives
The primary objective was to compare the real-life observed
time to referral to an expert center (calculated between the first
medical description of the STT and the date of the MTB) with
the time estimated retrospectively according to the
recommendations of the algorithm. Secondary objectives
included identifying the determinants of the time interval. We
also assessed the potential rate of benign tumors being referred
to an expert center after the use of Sar’Connect.

Statistical Analysis
To obtain complete data for at least 40 patients, a sample of 60
patients was required for this study. This sample size was
estimated to provide at least 90% power for an expected
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difference of 8 months in favor of Sar’Connect. This difference
value and sample size were chosen according to a previous
exploratory unpublished retrospective analysis conducted with
the same methodology as the one described in this study and
based on records from the MTB of Strasbourg’s expert center.
According to our local practice, this delay was substantial for
this situation. Patient characteristics are described using numbers
and proportions for categorical variables and using the mean,
SD, median, and IQR for continuous variables.
We compared the actual observed time with the estimated time
to an expert center using 2-tailed Student t test for matching.
Sensitivity analysis was conducted based on the change in the
initial time interval from 1 to 3 months in cases of immediate
referral to an expert center and from 2 to 6 months when an
additional imaging procedure was needed. The results are
presented as differential means with their CIs and P values. All
tests were performed with a 2-sided α risk of 5%. Statistical
analyses were performed with R statistical software (version
4.1.2; R Foundation for Statistical Computing).
To identify the determinants of the time interval to referral, a
Pearson test was performed on the following putative
determinants: distance between the patient’s home address and
the nearest expert center, age, number of clinical signs, tumor
size and depth, and prior imaging procedure. All tests were
performed first on the whole cohort and then on patients with
malignant tumors.
For exploratory analyses, a Bayesian-based method was
performed to describe the predictive impact of selected variables
using Markov chain Monte Carlo methods. Statistical
significance was established when the 95% credibility interval
did not contain 0. The results are presented as the median and
95% credibility interval.

Results
Patient Inclusion
In total, 86 patients were included from May to December 2021
(Figure 1). Among them, 8 were excluded from the study: 2
because of the lack of a final pathological diagnosis and 6
because of uncertainty about the time-interval calculation. For
the remaining 78 patients, 18 had a benign tumor and 60 a
malignant tumor. Main data are summed in Figure S2 in
Multimedia Appendix 1.
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Figure 1. Flowchart of patient enrollment.

Patients With Nonbenign STT
General Patient Characteristics
We collected data for 60 patients diagnosed with sarcoma or a
locally malignant tumor (Table 1). Of the 60 patients in the
cohort, 33 (55%) were women. The median age was 60.5 (IQR
21-92) years, with only 6 (10%) aged >30 years. According to
medical histories, 10 (17%) patients had a history of 1 or more
cancers, including 3 cases of prostate cancer, 2 cases of breast
cancer, 3 cases of skin basal cell carcinoma, 2 cases of colorectal
cancer, 1 case of endometrial cancer, and 1 case of T-cell
lymphoma. There was 1 (2%) patient who had a genetic
predisposition toward sarcoma due to neurofibromatosis 1.
The median distance between the patient’s hometown and the
nearest expert center was 69 (IQR 1-1103) km. Only 1 patient
was not referred to the nearest expert center owing to personal
choice.
The histological subtype distribution was as expected. Of the
60 patients, 15 (25%) were diagnosed with liposarcoma,
including 7 (12%) cases of atypical lipomatous
tumors/well-differentiated liposarcoma; 9 (15%) had
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leiomyosarcoma; 6 (10%) had undifferentiated pleomorphic
sarcoma; and 6 (5%) had desmoid-type fibromatosis.
Additionally, 15 (25%) cases were grouped as “other histological
subtypes” (including extraskeletal Ewing sarcoma, extraskeletal
osteosarcoma, gastrointestinal stromal tumor, perivascular
epithelioid cell tumor, giant cell tumor, synovial sarcoma,
angiosarcoma, and clear-cell sarcoma).
The median tumor size was 90 (IQR 10-450) mm; 10 tumors
were not palpable. Regarding location, 26 (43%) tumors were
in the limbs, and 25 (42%) were in the trunk (including the
pelvis, mediastinum, retroperitoneum, and paratesticular
spermatic cord); 9 (15%) patients had a tumor of the thoracic
or abdominal wall. Initial clinical signs reported by patients
were tumor growth (n=40, 67%), pain (n=25, 42%), and STT
stiffness (n=9, 15%).
Radiological exam data showed a median tumor size of 102
(IQR 11-320) mm. Out of 57 tumors, tumor size was over 50
mm in 44 (77%) patients and less than 30 mm in only 4 (7%).
Out of 54 tumors, only 10 (19%) cases were superficial and 44
(81%) were at least partially deep. Of the 60 patients, 11 (18%)
did not undergo any imaging prior to MTB presentation.
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Table 1. Patient and tumor characteristics of the nonbenign tumor cohort (N=60).
Population characteristic

Value

Age (years)
Median (IQR)

60.5 (21-92)

<30, n (%)

6 (10)

30-60, n (%)

24 (40)

≥60, n (%)

30 (50)

Female

33 (55)

Male

27 (45)

Sex

Geographical data
Distance between the patient and nearest expert center (km), median (IQR)

69 (1-1103)

Medical history, n (%)
Other cancersa

10 (17)

Familial history of cancer

3 (5)

Genetic predisposition (neurofibromatosis 1)

1 (2)

b

Histology , n (%)
Liposarcoma

15 (25)

Leiomyosarcoma

9 (15)

Undifferentiated pleomorphic sarcoma

6 (10)

Myxofibrosarcoma

4 (7)

Desmoid tumor

3 (5)

Dermatofibrosarcoma

2 (3)

Solitary fibrous tumor

2 (3)

Malignant peripheral nerve sheet tumor

2 (3)

Rhabdomyosarcoma

2 (3)

Other

15 (25)

Tumor size (mm; N=57)c
Clinical evaluation, median (IQR)

90 (10-450)

Radiological evaluation, median (IQR)

102 (11-320)

<30, n (%)

4 (7)

30-50, n (%)

9 (16)

≥50, n (%)

44 (77)

Clinical manifestationd, n (%)
Pain

25 (42)

Progression of the tumor

40 (67)

Hardness

9 (15)

Shrinkage of the tumor

1 (2)

Recurrence

0 (0)

Locatione, n (%)
Limb

26 (43)

Trunk

25 (42)

Abdominal or thoracic wall

9 (15)
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Population characteristic

Value

Depth on radiological exam (N=54)f, n (%)
Superficial tumor

10 (19)

Deep tumor or both superficial and deep

44 (81)

a

Patients could present more than 1 type of other cancer; other cancers included 3 patients with prostate cancer, 2 patients with breast cancer, 3 patients
with epidermal carcinoma of the skin, 2 patients with colorectal cancer, 2 patients with endometrial cancer, and 1 patient with T-cell lymphoma.
b

Other histological subtypes include other soft tissue sarcomas, gastrointestinal stromal tumors, and extraskeletal Ewing sarcoma or osteosarcoma.

c

Missing data (n=3).

d

Patients could have more than 1 symptom.

e

Trunk localization included the peritoneum, mediastinum, retroperitoneum, and paratesticular spermatic cord.

f

Including 10 nonpalpable soft tissue tumors; missing data (n=6).

Impact on Patient Referral and Appropriate Care
We assessed the decision for patient management according to
the first descriptive data (Table 2).
Of the 60 patients, 27 (45%) were referred to an expert center
for initial management, including 18 (30%) who underwent
imaging before their referral. For 34 (92%) out of 37 patients,
imaging diagnosed an atypical or suspicious aspect of the STT
compatible with sarcoma. Despite these conclusions, half (17/34,
50%) of the cases were managed at a nonexpert center.
Out of 60 cases, 22 (37%) were managed at a nonexpert center
for biopsy (n=9, 15%) or surgery (n=13, 22%) after the
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discovery of the STT. Follow-up was the only decision for 11
(18%) cases.
Retrospective simulated outcomes for referral from using the
Sar’Connect app with the initial data would have recommended
a direct referral to the nearest expert center for 46 (77%) patients
and complementary imaging (ultrasound echography or MRI)
for 13 (22%) patients. The mobile app algorithm suggested a
major change in care for 31 (52%) patients versus real-life
outcomes; 30 (50%) patients would have an estimated adequate
referral with the use of Sar’Connect, whereas 1 (2%) patient
with a superficial dermatofibrosarcoma less than 1 cm in size
would not have been referred to an expert center.
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Table 2. Patient follow-up and management in the nonbenign tumor cohort (N=60).
Details on the first management of soft tissue tumors

n (%)

Radiological exama
Ultrasound echography

22 (37)

MRIb

34 (57)

Computed tomography

24 (40)

None

11 (18)

Results of radiological examsc (N=37)
Atypical or suspicious aspect of soft tissue tumor

34 (92)

Homogeneous adipose or typical aspect of “pseudotumor”

3 (8)

Real-life management after discovery of the mass
Follow-up without radiological exams

5 (8)

Follow-up with periodic radiological exams

6 (10)

Biopsy at a nonexpert center

9 (15)

Surgery outside of an expert center

13 (22)

Referral to an expert center

27 (45)

Simulated outcomes of Sar’Connect according to first encounter data
Referral to an expert center

46 (77)

Imaging (MRI or echography)

13 (22)

Referral to a nonexpert center

1 (2)

Potential difference of management between real-life observed outcome and Sar’Connect adviced

a

Difference

31 (52)

No difference

29 (48)

Patients could have more than one type of radiological exam.

b

MRI: magnetic resonance imaging.

c

37 patients with radiologist conclusion available (11 patients without radiological exam); the suspicious aspect of the soft tissue tumor could contain
heterogeneity tissue, anarchic vasculature, enhancement, or thick wall. Pseudotumor included synovial or rheumatism degeneration, vascular or lymphatic
malformation, elastofibroma, Morton neuroma, hemangioma, schwannoma, and glomus tumor.
d

Difference in decision was based on groups: optimal decision (a sarcoma referred to expert center) and nonoptimal decision (nonbenign soft tissue
tumor referred to a nonexpert center or under watchful waiting only).

Patients Diagnosed With Benign Tumors
Of the 60 patients, 18 (30%) were diagnosed with benign
tumors. Their characteristics are reported in Table S1 in
Multimedia Appendix 1.
Of the 18 patients, 11 (61%) were referred to an expert center,
and all (n=18, 100%) had prior imaging. MRI was performed
for 14 (78%) patients, with an atypical or suspicious STT
described in most (n=11, 61%) cases. Additionally, 3 (6%)
patients were not initially referred to an MTB after imaging,
and 1 (6%) patient underwent surgery at a nonexpert center
before being referred to an MTB. Using Sar’Connect, 13 (72%)
patients would have been directly referred to the expert center,
and only 2 (11%) cases would have been recommended for
possible management at a nonexpert center. Overall, we found
a potential difference in management between the real-life
outcome and Sar’Connect simulation in 9 (50%) cases. The
mobile app suggested more appropriate management for 4 (22%)
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patients and referred 5 (28%) with benign tumors to an MTB
(Table S2 in Multimedia Appendix 1).
The benign tumor group was not large enough to allow for
comparisons with the nonbenign STT group. Nevertheless,
variables that appeared to be numerically different included a
higher median clinical and radiological size of the tumor (60
and 40 mm in the benign group versus 90 and 120 mm in the
nonbenign STT group, respectively) and the absence of a painful
STT in all (18/18, 100%) patients with benign tumors compared
to 25 (42%) out of 60 patients in the nonbenign population.

Impact on the Time Interval to Appropriate
Management
Analyses were conducted on the whole cohort (78 patients),
including patients with benign and nonbenign STTs. With a
mean time interval of 9.14 (IQR 1-85) months in real life versus
1.4 (IQR 0-10) months estimated with Sar’Connect, we found
a potentially clinically meaningful reduction in this time interval
of 7.7 months (P<.001). To validate this difference, we repeated
JMIR Mhealth Uhealth 2022 | vol. 10 | iss. 11 | e40718 | p. 7
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the analysis with a less optimistic estimated time interval for
each Sar’Connect result. Hence, we assigned a 3-month time
interval in cases of advice for direct referral and a 6-month time
interval in cases of radiological exam requirement. This
sensitivity analysis found a mean application time interval of
3.6 months and a potential estimated reduction of 5.4 months
in favor of the mobile device algorithm (P=.002; Table 3). Two
values were considered extreme data (designed as time higher
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than 2.5 times the SD), and statistical analysis excluding these
data confirmed a simulated 6-month difference (P<.001).
We repeated the same analyses in the nonbenign STT population
(Table 4) and, again, retrospectively using Sar’Connect to guide
patient referral, which resulted in an estimated potential benefit
of 6.5 months (P<.001). Although the difference was smaller,
real-life outcomes occurred in a significant number of 13 (22%)
patients who underwent surgery (with or without prior imaging)
or biopsy (n=9) at a nonexpert center.

Table 3. Time interval before patient referral to an expert center in the whole cohort (N=78).
Time interval for patient referral to an expert center

Months

P value

Real-life observed results, mean (IQR)
Time interval after radiological exam

9.14 (1-85)

Time interval after biopsy of the tumor at a nonexpert center

8.11 (2-36)

Time interval after surgery outside of an expert center

7.18 (2-28)

Time interval for the whole cohort

9.0 (1-85)

According to simulation by Sar’Connect
Time interval, mean (IQR)

1.4 (0-10)

Difference with real-life observed results, mean (95% CI)a

7.7069 (4.3677-11.046)

<.001

Sensitivity test following Sar’Connectb

a

Time interval, mean (IQR)

3.63 (0-10)

Difference with real-life observed results, mean (95% CI)a

5.37 (2.0293-8.7178)

.002

Mean difference calculated with 2-tailed Student t test for matched data.

b

Results of the mobile app in sensitivity analysis by replacing the 1-month time interval with a 3-month interval and the 2-month time interval with a
6-month interval.
Table 4. Time interval before patient referral to an expert center in the nonbenign tumor cohort (N=60).
Time interval for patient referral to an expert center

Months

P value

Real-life observed results, mean (IQR)
Time interval after radiological exam

12 (2-28)

Time interval after biopsy of the tumor at a nonexpert center

8 (3-36)

Time interval after surgery outside of an expert center

9 (2-29)

Time interval for the whole cohort

7.9 (1-84)

According to simulation by Sar’Connect

a

Time interval, mean (IQR)

1.4 (0-2)

Difference with real-life observed results, mean (95% CI)a

6.476 (3.0695-9.883)

<.001

Mean difference calculated with 2-tailed Student t test for matched data.

Exploratory Analyses
We sought to identify the determinants of the referral time
interval in real life and found no statistical correlations with the
time interval in standard or Bayesian analysis (Tables S3 and
S4 in Multimedia Appendix 1).
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Discussion
Principal Findings
To our knowledge, this study is the first to assess the benefice
of an app for the early management of sarcoma. Sar’Connect
shortened the estimated time interval to an expert center by 7.5
months and could reduce the percentage of misorientation for
patient with sarcoma.
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Since the beginning of the 21st century, new technologies have
contributed to improving communication and data sharing and
have been developed for medical purposes. Mobile health
(mHealth) was conceptualized to define the use of mobile
devices in the practice of medicine and public health [27]. In
2013, 97,000 mHealth apps were released, and more than 50%
of those who owned a smartphone were mHealth app users
[28,29]. Moreover, this development will continue to grow
because more than 90% of the population owns a mobile phone
[30]. To standardize the use of mHealth apps, some countries,
such as France and Belgium, have defined guidelines of good
practice for health apps and smart devices, which were widely
used during the COVID-19 pandemic [31-33].
In general, professional expertise and education can benefit
from mHealth apps [34-36]. Before treatment occurs, it is
important that health professionals be aware of the pitfalls of
misdiagnosed rare tumors such as sarcomas [14]. The
Sar’Connect app was developed to improve sarcoma awareness
and facilitate early patient referral to expert centers, even at
locations far from these centers. This app is part of the French
effort to promote the early and optimal management of patients
with sarcoma within the French network [1].
Prior to this study, we explored the potential benefits of
Sar’Connect in a retrospective local database of patients’ files
discussed before 2015 at the Strasbourg center to estimate the
number of patients needed for analysis. By using the same
methodology as used for this cohort, we found a difference of
more than 8 months. The difference between this result and
recent results may be explained by the difficulty of obtaining a
precise date for the first medical description of an STT. In our
study, we performed an analysis without outlier values
(described as values over 1.5 times the IQR plus the third
quartile or under the first quartile minus 1.5 times the IQR) to
reduce this difference; 2 data points were considered extreme,
and analysis excluding them did not impact the final result. The
smaller potential benefits observed in this study may also be
explained by geographic differences among centers and
improvement in sarcoma management due to FSG awareness
campaigns. Indeed, since 2010 and owing to the first French
national cancer plan (2003-2009), the FSG has promoted clinical
guidelines for the management of sarcoma as well as supported
research [37-39]. Based on the work by Fayet et al [3], the FSG
has recently emphasized the impact of the heterogeneity of
referrals of patients with sarcoma to expert centers in France.
In our study, patients with benign STT whose case were
presented to an MTB tended to be closer to an expert center,
facilitating referral. We developed Sar’Connect to improve the
management of patients with sarcoma regardless of geographic
disparities. By reducing diagnostic errancy and the risk of
suboptimal diagnosis, treatment, and follow-up, patients living
far away from expert centers should benefit the most from this
mobile app [40].
Our study may be limited by population bias, as all patient data
were obtained from sarcoma MTBs, and benign tumors were
underrepresented. However, we primarily aimed to show that
using this mHealth app may be able to reduce the estimated
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time interval to MTB referral for malignant tumors, which was
successfully demonstrated by a reduction of more than 6 months,
even when using sensitivity analyses with longer estimated time
intervals. Additionally, out of 60 patients, we found a potential
improvement in referral—27 (45%) patients with sarcoma
immediately referred to a sarcoma MTB versus 46 (77%)
patients if Sar’Connect was used. Other intrinsic characteristics
will be determined by assessing the real-life use of our app.
The study was not designed to explore a potential increase in
“false-positive” outcomes and the orientation of a benign tumor
to a sarcoma MTB. As the app aims to avoid the misdiagnosis
of malignant tumors, it was an acceptable outcome that some
clinically benign STTs would be referred to an expert center
according to the algorithm. Moreover, as all patients included
in the analysis were ultimately referred to a sarcoma MTB and
Sar’Connect only recommended immediate referral for 13 (72%)
patients, we hope that the rise in suboptimal references will not
be significant.
Reducing the time interval and avoiding nonoptimal initial
surgeries are critical for the management of patients with
sarcoma. Using real-life data from MTB databases compared
to the Sar’Connect recommendations is relevant for exploring
the benefits of such an mHealth app. Although our study was
not designed to show any survival benefit, substantial data in
the literature emphasize how critical the time interval is for the
optimal management of patients with sarcoma [8,14,40-44].
mHealth app development is increasingly important, notably in
oncology, and the opportunities offered by mHealth enable a
wide range of issues to be addressed. For example, digital
versions of patient reported outcomes (PROs), or e-PROs, are
highly valuable tools in clinical research, and these data are
easy to collect owing to their app. Indeed, in a lung cancer
population, the use of PROs for symptoms combined with a
clinically based algorithm led to an earlier diagnosis of relapse,
with a median overall survival improvement of 6 months
[45,46]. In palliative care, telemedicine and mHealth also
improve symptom management for patients and families [47].
Other apps exist to promote the management of STT. For
example, Sarculator predicts overall survival and metastatic
risk in patients who undergo surgical resection because of
validated nomograms [48]. Another example is Persarc, a recent
mHealth app that helps experts debate STS cases through a
mobile device [49]. Sar’Connect was inspired by these
pioneering mHealth apps. All of these apps are already available
and can easily be distributed to health professionals. Our study
and those published for other apps show that a simple and
user-friendly mHealth app can improve the management of
patients with STS to improve the prognosis of this rare tumor.

Conclusion
This study showed a potential benefit of more than 7 months
reduction when referring patients with sarcoma to expert centers
using the mobile app Sar’Connect. Our mHealth app is an
example in which digital health is a useful tool to reduce
disparities in the optimal management for patients with sarcoma.
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