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Abstract

Background/Obijective: In a project of telepathology (TP) between German pathologists and a hospital in Tanzania,
trained technical assistants have uploaded digital histological images onto the internet-based platform ipath. The diagnoses
from 486 paediatric specimens were analysed.

Methods: The investigation included diagnoses, either primarily done via TP or secondarily after a further workup of the
paraffin-embedded tissue, which was sent to Germany for cases which could not be solved via TP. In the latter, the initial
TP-diagnoses were compared with the results after re-evaluation.

Results: The median age was 11 years. The cohort comprised 390 benign diseases (80.2%) and 96 malignant diseases
(19.8%). For benign diseases, the most frequent anatomic sites were lymph nodes, skin, and soft tissue, breast, and head&-
neck. Frequent diagnoses were non-specific inflammations and benign tumors. In malignant diseases, the most sites were
lymph nodes, skin, soft tissue, head&neck, and ovary and the most frequent diseases sarcomas and lymphomas. The paraffin
embedded tissue of 179 cases (36.3%) was shipped to Germany. With the concordance analysis, we could discover the man-
datory necessity for the possibility of second opinion in difficult cases.

Conclusion: An exclusively TP-support cannot meet all requirements of modern medical diagnostics. The education of
local pathologists is imperative.
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Background

The St. Josef’s Mission Hospital in Peramiho (South-
West of Tanzania) is maintained by missionary Bene-
dictines  (http://www.peramiho.org/en/health/hospi-
tal.html, accessed April 20™ 2020). It has around 320
beds, basic medical wards (e.g. surgery, gynecology,
pediatrics, tuberculosis-ward) and cares for more than
100.000 out- and inpatients per year. Medical services
in many low income countries need reliable histopatho-
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logical reports for effective treatment planning, espe-
cially against the background of limited resources .

In 2001, Oberholzer and Brauchli presented the inter-
net-based platform ipath (https://www.ipath-network.
com/tanzania/, April 20™ 2020) for the purpose of
static telepathology (TP). The system was developed
at the University of Basel, Switzerland, for communi-
cation between generalists and consultant specialists in
pathology on the basis of digital images of histological
cases (in this method, in contrast to dynamic TP, there
was no utilization of real-time images). The first project
of consultation was initiated on the Island of Samoa *°.
In 2007, we started a collaboration with the hospital in
Tanzania which cannot employ local pathologists due
to financial constraints. The application of TP in coop-
eration with educated technical assistants and remote
consultant pathologists was integrated into the diagnos-
tic process — to our knowledge a new way.
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The project was based on the evaluation of biopsy spec-
imens for the establishment of a primary histopatho-
logical diagnosis without the necessity for evaluation of
whole specimens from surgery. In this setting there was
no requirement for the assessment of resection margins
of tumor stages.

A laboratory was set up with technical facilities for his-
tological examination using hematoxylin-eosin stains
(H&E). There was no possibility for special stains or
immunohistochemistry. Local technical assistants were
given special training over ten weeks to cover the pro-
cessing and paraffin-embedding of tissue, the staining
of slides and the microscopic evaluation of the finished
cases (with the intention of identifying areas of diver-
gent morphology independent of their diagnostic sig-
nificance). These areas were documented with digital
images (*.jpeg) and uploaded onto ipath with a short
clinical history and clinical issues. The final diagnoses
were communicated by the participating consultant pa-
thologists. For the first 545 cases we could show the
diagnostic validity of our method. These cases were
investigated primarily via TP, after which the paraffin
embedded tissue was sent to the University of Wuer-
zburg, Germany, for a secondary workup. A complete
concordance was found in 70% and only mild discord-
ances (e.g. divergent grading of cancer or other cause
of inflammatory processes) in 14%. In this way a clin-
ically useful diagnosis could be given in 84%, despite
limited resoutces *. This result is not consistent with
the requirements stipulated for regular histopathologi-
cal services, but is provisionally acceptable in the given
local setting and comparable with results found in the
literature >

The aim of the study presented here was to analyse di-
agnostic findings generated from specimens of children
and adolescents up to 18 years, extracted from the total
of 5230 cases (mostly adults) which were diagnosed via
TP over a period of ten years in the ongoing project.
The aim of this study was not to re-evaluate clinical
consequences arising from the given diagnoses or their
implementation in the further treatment of patients,
because of the high degree of heterogenicity of the in-
dividual patient’s situation and the available therapeuti-
cal options.

Methods

The analysis comprises diagnostic findings from speci-
mens of children and adolescents in the course of our
TP-project from April 2007 to April 2017. The inves-
tigation included all final diagnoses, of which some
were made primarily via TP and others secondarily af-
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ter a further workup of the paraffin-embedded tissue,
which was sent to Germany for those cases which could
not be solved via TP. All cases were archived in ipath
and transformed into a tabulated calculation standard.
Computation was done using Microsoft Excel®.

All patient data was completely anonymised. No indi-
vidual patient data was released (specifically name, date
of birth, or reference number of hospital). Instead all
cases were assigned consecutive numbers according to
their order of appearance by the local technicians, who
then merged the incoming case information with their
patient information and forwarded this to the local phy-
sicians.

The anatomic locations from which the specimens were
taken were divided into 17 groups. To enable a detailed
analysis the diagnoses were grouped into ten benign
and eight malignant main categories (table 1).

For the majority of cases the gender and age of the pa-
tients was known. From this the median, average, min-
imum, and maximum ages was computed. Additionally
the median, average, minimum, and maximum elapsed
time between the upload of the case and the finished
diagnosis was calculated as well as the number of up-
loaded histological images. The disclosed clinical histo-
ry of the concerned patients and the suspected diagno-
sis made by the technical assistants in Peramiho were
not analysed because of non-standardized formatting
for the former and limited pathological experience for
the latter.

The five anatomic sites with the highest number of cas-
es were investigated for their two most frequent diag-
noses.

In cases which were found to be difficult to diagnose
solely via TP the shipment of paraffin embedded tissue
to Germany was requested by the consultant pathol-
ogists to obtain a second opinion. The reason for re-
quest was: poor quality of specimen or images, diagno-
ses which need special stains or immunohistochemistry
for confirmation, or rare diagnoses. After their arrival
these specimens were processed according to routine
diagnostic standards for histopathological examination
using H&E-stained slides, special stains, and immu-
nohistochemistry. As a result, an independent second
opinion given by German university-standard could be
obtained. It was not the intention of this investigation to
compare the primary H&E-based telepathological diag-
nosis with a second H&E-based diagnosis by German
pathologists using slides created in Germany but rather
to test how well the TP diagnosis correspond with a
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comprehensive diagnosis made using a full spectrum of
methods. Subsequently, the diagnoses generated during
this secondary appraisal were compared with the main
initial diagnoses on TP, with the final diagnoses of the
German university being accepted as correct.

In cases where a secondary workup was necessary, the
initial TP-diagnoses were compared with the final re-
sults with evaluation of the following criteria: 1-com-
pletely identical diagnosis in TP and in the second opin-
ion; 2-mild discordance, i.e. correct diagnosis, but e.g
divergent grading of cancer or cause of inflammatory
processes; 3-correct distinction between benign and
malignant process but differing disease entity (e.g. neu-
rofibroma vs. dermatofibroma or undifferentiated car-
cinoma vs. sarcoma), 4-false benign in TP; 5-false ma-
lignant in TP; 6-no primary diagnosis possible via TP
(e.g. due to difficulties in the primary assessment or the
obligation of immunohistochemical stains). The sum
total of all completely identical diagnoses and diagno-
ses with mild discordances were categorised as clinical-
ly useful diagnoses. Classical concordance analysis (e.g
Goodman’s analysis or Chi-square test) was not suita-
ble for the categorization of these different types of
comparable results. Therefore, following a statistician’s
advice, the results are presented in a descriptive manner
with absolute and percentage numbers.

1315

Results

Over a period of ten years a total of 5230 cases were
investigated using static TP. 504 of these cases (9.6%)
were sampled from children and adolescents of up to
18 years. Of these cases, 18 were not suitable for diag-
nostic purposes because of the insufficient quality of
the taken specimen, so that in total 486 cases could be
given a final diagnosis. The 18 cases with diagnostically
insufficient material include cases containing only very
sparse tumor cells, a high degree of artificial alteration
due to biopsy sampling or tissue considered non-rep-
resentative for the clinical question (such as bland soft
tissue in a case of a rapidly progressing tumor). There-
fore, these cases were primarily excluded. 205 patients
each were defined as male or female, three as hermaph-
rodites. In 73 cases the gender was not known.

The median age was 11 years (average 10.3, range 1
month - 18 years). For histopathological analysis, a me-
dian of 9 histological pictures (average 9.5, range 1-48)
were uploaded to TP. The corresponding diagnostic re-
port was made by the consultant pathologists after a
median of 26 hours (average 67.8, range 1 — 252 hours).
For confirmation of difficult and/or challenging TP-di-
agnoses or for additional investigations using special
stains and immunohistochemical methods, the paraf-
fin embedded tissue of 179 cases (36.3%) was shipped
to Germany. Shipping times varied between three and
eight weeks due to the fact that several cases were col-
lected in the local hospital and then shipped together.
In 33 cases the paraffin blocks were not sent despite
being requested by the consultants.
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Table 1: Overall distribution of cases to anatomic sites and diagnostic groups (n=486)

Anatomic sites n Diagnostic groups n
Abdomen 9 Benign diseases
Bone 23 Benign tumor 73
Breast 53 Fibroadenoma 36
Colon 22 Fibrotic changes 25
Eye 13 Hirshsprung disease 7
Fluid 5 Non-specific inflammation 103
Head&Neck 39 Non-specific lymphadenitis 66
Kidney 8 Physiological tissue 12
Lymph node 116 Reactive benign conditions 39
(e.g. abortus, mastopathia)
Ovary 14 Schistosomiasis 4
Skin 83 Tuberculosis 25
Soft tissue 75 Malignant diseases
Testis 14 Adenocarcinoma
Thyroid Kaposi sarcoma
Urinary bladder Lymphoma 31
Uterine cervix Other malignant tumors 8
Uterus 3 Retinoblastoma 7
Sarcoma 27
Sex cord stroma tumor
Squamous cell carcinoma

The complete cohort comprised 390 benign diseas-
es (80.2%) and 96 malignant diseases (19.8%). In the
group of benign diseases, the median age of the 159
female, 161 male, 3 hermaphrodites and 67 patients of
unknown gender was 11 years (average 10.2, range 1
month - 18 years). Table 2 shows the most frequent
anatomic sites with the most frequent groups of diag-
noses. Figure 1 illustrates the subtypes of found benign
tumors and the subgroups of benign reactive condi-

African Health Sciences Vol 20 Issue 3, September, 2020

tions. Of the diagnosed infectious diseases, 25 cases
were from lymphonodal tuberculosis and four cases
showed schistosomiasis. Of these, two were located in
the vulva and each one in a lymph node and the ap-
pendix vermiformis. From benign diseases, 107 cases
were secondarily investigated in Germany (27.4%).
For 15 cases the corresponding paraffin blocks were
not shipped despite being requested. The concordance
analysis of these cases is given in table 3.

1316



i Henasgoemail prphnpoms o Bk STl i of
forod pwprandl Bmun bona |
i
 slandapatiy
Hn =
oy T N i = ingda gl Snropher RAIR
LR TR T EE e I &
Bl faredoprmay
RS AUEEVE TR TR S =
Trrodtia
“ighArama bl b LR L - o]
L
= sl
5 Pl b Jubesa
» i by

Figure 1: Subtypes of benign tumors (left) and reactive benign conditions (right)

Table 2: The five most frequent anatomic sites and the two most frequent
diagnoses of benign and malignant diseases.

Benign diseases

Lymph node (n=96) Non-specific lymphadenitis n=66
Tuberculosis n=25

Skin (n=73) Non-specific inflammation n=32
Benign tumor NOS n=29

Soft tissue (n=63) Non-specific inflammation n=24
Benign tumor NOS n=14

Breast (n=52) Fibroadenoma n=36
Reactive benign conditions n=8

Head&Neck (n=27) Non-specific inflammation n=11

Benign tumor NOS n=10

Malignant diseases

Lymph node (n=20) Lymphoma n=19
Sarcoma n=1

Soft tissue (n=13) Sarcoma n=10
Lymphoma n=2

Head&Neck (n=12) Adenocarcinoma n=6

Sarcoma n=2
Kaposi sarcoma n=2

Skin (n=10) Squamous cell carcinoma n=3
Kaposi sarcoma n=3
Ovary (n=10) Lymphoma n=4

Sex cord stroma tumor n=3
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Table 3: Concordance of diagnoses primarily investigated by telepathology (TP) with
a second opinion (SO) in Germany. Diagnostic evaluation: 1-completely identical diagnosis
between TP and SO, 2-mild discordances (e.g.in subtype of inflammation or grading
of cancer), 3-identical in benign/malignant group, but other entity of disease, 4-Diagnosis of
TP was false malignant, 5-diagnosis of TP was false benign, 6- primary diagnosis by TP

was not possible.

Sent for Kind of n/% Number of cases in
second concordance which
opinion immunohistochemistry
(IHC) or special stains
(S) were needed
Benign
diseases
390 107 1 50 (46.7%) S:14,IHC3
2 23 (21.4%) S:8,IHC: 3
3 22 (20.5%) S:11,HC: 7
4 6 (5.6%) S:3,IHC: 1
5 0
6 6 (5.6%) S:3
Malignant
diseases
96 72 1 21(29.1%) S:1,IHC: 17
2 16 (22.2%) S:1,IHC: 14
3 18 (25.0%) [HC: 18
4 0
5 11 (15.3%) S:2,IHC: 9
6 6 (8.3%) HC: 3

In the group of malignant diseases, the 46 female, 44
male and the 6 patients of unknown gender showed a
median age of 9 years (average 10.0, range 7 months
- 18 years). The most frequent anatomic sites and di-
agnoses are given in table 2. The subtypes of sarcomas
and lymphomas are illustrated in figure 2. Of the eight
reported adenocarcinomas, 6 were found to be primary
tumors of salivary glands. Herein we found 3 mucoep-
idermoid carcinomas, 2 adenocarcinomas ex pleomor-
phic adenoma and one adenoid-cystic carcinoma. Two
further adenocarcinomas were reported as metastases
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of an unknown primary, in consideration of the im-
munohistochemical phenotype most likely originating
from the gastrointestinal tract. Of the remaining ma-
lignant tumors (n=8), three were found to be Wilms
tumors of the kidney, one a malignant melanoma, one a
neuroendocrine carcinoma G3, one papillary carcinoma
of the thyroid, one immature teratoma and one malig-
nant solitary fibrous tumor (formerly hemangiopericy-
toma). The frequency of necessary secondary opinions
was high in this group with 72 cases (75.0%), however
in 18 cases the block was not shipped despite being re-
quested. The analysis of concordance is given in table 3.
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Figure 2: Subtypes of sarcomas (left) and lymphomas (right)

Discussion

An efficient approach towards histopathological diag-
nostics is a key element in the advancement of health
care systems. The global access to the internet leads to
increasing possibilities in telemedicine ®. A rapid his-
tological investigation can open up the possibility for
better therapeutic decisions. Our TP-project between
a hospital in Tanzania and consultant pathologists at a
German university is well established since ten years.
We could establish a good level of diagnostic accuracy
in the initial stages of the project, adapted to meet the
specific requirements of the currently available medical
care”.,

The processing of cases could usually be concluded in
a matter of days. In some cases delays occurred, usu-
ally at times when the local laboratory was irregularly
staffed or when the quantity of incoming samples was
low and the technicians collected samples to process at
a later stage. Measured in terms of an average length
of stay in the missionary hospital of 4.5 days, these
diagnostic reports are nonetheless directly useful. In
addition patients with complex diseases usually have a
longer than average stay. Diagnostic reports which are
received subsequently are often not easily integrated
into the treatment plan.

From a collective of 5230 patients we extracted 486
evaluable cases from children and adolescents. 18 sam-
ples could not be processed further due to the insuf-
ficient quality of the material. The literature does not
give information concerning the default rate of tissue
samples during histological processing; however, expe-
riences obtained during the establishment of biobanks
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in similar regions display also sometimes limitations of
sample quality °. In the whole processing chain logisti-
cal and climatic particularities of rural regions in Africa
have a detrimental effect on the samples, which is not
easily to avoid. From the experiences made during the
secondary workup in Germany we also learned thaa fur-
ther workup for research purposes was not always pos-
sible. In an undocumented number of cases additional
molecular studies were initiated (for instance PCR for
tuberculosis, translocation analysis for lymphoma or
sarcoma) but did not generate an utilizable result, in
most cases due to the lack of integrity of the specimen.

The diagnostic spectrum of benign diseases was dom-
inated by non-specific inflammatory reactions with the
addition of consecutive tissue fibrosis and benign tum-
ors. Lymphonodal tuberculosis or regionally predomi-
nant diseases such as schistosomiasis were rare, maybe
as a result of local health campaigns and education.

In the group of benign diseases only rare cases oc-
curred where the differential diagnosis was not com-
pletely solvable by TP. Several cases were nonetheless
sent to Germany for reasons of diagnostic security.
Especially the assessment of benign mesenchymal tu-
mors (for instance the distinction between of cutane-
ous neurofibroma versus dermatofibroma or between
non-specific inflammatory and lymphoproliferative dis-
eases) sometimes necessitated a second opinion. The
comparative data between the initial TP-diagnosis and
the final diagnosis does not represent a cross section of
the whole patient collective but rather provides insight
into those cases which showed the highest level of di-
agnostic difficulty. Here in particular the interpretation
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of the definitive results in comparison to the TP-diag-
noses displayed the requirement for additional reassur-
ance as only 47% of these cases showed a complete
concordance. In a further 21% mild discordances still
rendered the diagnosis as useful for further therapeutic
steps. Overall, a result of 12% initially false benign or
false malignant diagnoses is unsatisfactory.

The group of malignant diseases was dominated by ju-
venile immature sarcomas and aggressive lymphomas.
The rate of requisite secondary appraisal in Germany
was high with 75% due to the clinical importance, the
need for a high degree of diagnostic assurance and the
limitations of diagnostics without additional methods.
This was also demonstrated by a low number of cases
which were primarily solvable with a correct diagnosis
using TP of only 29% and a likewise low case number
with only mild discordances (22%). 15% of cases were
classified as false benign. One reason for this was the
substandard quality of specimen processing in the local
laboratory. The same applies for the most part to 8% of
cases which could not be primarily resolved via TP. An
insufficient accuracy of pure TP without supplemen-
tary studies for malignant diseases, especially from the
field of hematooncology, has previously been described
by others. Carey et al. found a correct diagnosis in 52%
of the samples ". Better results have in fact being ob-
tained when pathologists with specialized training were
deployed locally. In these cases the error rate dropped
to 6.5%, whereas in the project of Santiago et al. a
benchmark error rate of 30% was presumed .

One source of concern was the persistently challenging
personnel situation. The training of technical assistants
with no prior knowledge of histopathology is time-con-
suming and requires frequent phases of attendance
from German volunteers, which were made possible in
time blocks of up to ten weeks. Through the transfer
of staff to different sectors of the public health service,
work overload and alternating dedication to the project
no permanent team could be established. This some-
times led to a loss of knowledge and an inconsistent
quality of specimen processing, Furthermore, the local
circumstances in Peramiho do not allow for the estab-
lishment of specialized stains or immunohistochemis-
try in time. Therefore it is of great importance that in
addition to the dispatch of diagnostic cases increasing
support is given to local centralized institutes, aiming to
strengthen their diagnostic capacity to assume respon-
sibility for these tasks in the future.
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Conclusion

Altogether we can conclude after ten years of experi-
ence in this field, that an exclusively telepathological
support of a clinic without their own local pathologists
cannot meet the requirements of modern diagnostics in
the special field of pediatric diseases. It can be assumed
that the qualitative requirements towards histopatho-
logical diagnostics will rise in low income countries in
line with the advancement of medical care. The train-
ing of local pathologists in these countries is therefore
imperative. Telepathological conferences with consult-
ant pathologists can then lead to a real improvement of
the situation '*"°. Until these structures are fully devel-
oped the drawbacks of static telepathology, especially
in the complex field of pediatric diagnostics, must be
acknowledged by treating clinicians and integrated into
therapeutic decisions. Experience from daily practice
shows that the direct discussion of findings between
clinicians and pathologists is an essential building block
in the development of a treatment concept.

In the case of new projects it will be necessary to ex-
amine the options and possibilities for further devel-
opment of local laboratories and technical staff from
the start. The reinforcement of expertise on-site must
be given preference with the aim of establishing future
self-sufficiency.
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