
Intraoperative radiotherapy (IORT) is 
widely used in all continents to deliver 
precise radiotherapy at the time of cancer 
surgery [1]. Initial pioneering experiences 
in Japan and the USA were documented 
in the late 1970s and since then, a signifi-
cant body of knowledge on methodology, 
result analysis in terms of cancer site and 
development projects has become avail-
able in the medical literature [2–4].

Systematic literature reviews of IORT 
studies have documented feasibility, tol-
erability and high local control promo-
tion using IORT as a boost component of 
escalated radiotherapy; including similar 
specific results for primary rectal, recur-
rent rectal and pancreatic cancer [5–7]. 
Overviews and editorials on IORT prac-
tice and results have identified technolog-
ical diversity among the procedures per-
formed (electron beams, kilovoltage X-
rays and brachytherapy with isotopes) 
and consistent methodology in terms of 
reporting clinical results emphasizing lo-
cal control and toxicity [1]. Expert IORT 
institutions have demonstrated partic-
ular commitment to evaluating clinical 
outcomes observed in cancer location- 
or type-oriented IORT-containing treat-
ment approaches [8]. Nevertheless, eval-
uating scientific quality is a difficult prob-
lem to which there is no standard solu-
tion. Prior to publication, experts in a spe-

cific field estimate the importance and rel-
evance of scientific articles (peer review; 
[9]). Alternative methods (statistical and 
mathematical data), such as citation rates 
and journal impact factors, measure the 
quantity and performance (i.e. quality) of 
published science, as well as the connec-
tivity between scientific fields, research 
departments or authors [10].

In terms of the bibliographic metrics 
found in medical databases during a re-
cent period, this paper focuses on an ex-
tensive analysis of the available literature 
reporting IORT data. This information 
provides authors and editorial journals 
with a reflection of the preferences and 
policies relating to the transfer of scien-
tific knowledge generated in studies with 
IORT as a cancer treatment modality.

Materials and methods

We reviewed the publication pattern of 
scientific journal articles and analyzed 
the bibliometry of IORT-related papers 
published in PubMed during a certain 
time period. As a quantity indicator, we 
used the number of articles published in 
PubMed between 1997 and 2013. As a 
quality indicator, we used the 2012 Sci-
ence Citation Index Impact Factor in or-
der to evaluate the impact of the research 
on the scientific community. Further-

more, we stratified the identified publica-
tions by study type, scientific topic report-
ed, tumor site, journal specialty and the 
year of publication.

Statistical analysis

We performed a one-way analysis of vari-
ance (ANOVA) to determine any signifi-
cant differences between the means of the 
analyzed groups. In order to determine 
which specific group was significantly 
different from the others we performed a 
post-hoc test (Tukey’s test).

Results

Between 1997 and 2012, a total of 972 jour-
nal papers from 534 different first authors 
(281 different institutions from 32 coun-
tries) were published in the PubMed data-
base (mean journal impact factor of 2.73, 
standard deviation ± 2.62).

Study type

The majority of articles identified are ret-
rospective cohort reports (n = 622, 64 %), 
followed by review articles (n = 204, 21 %; 
p < 0.001). Only 6 % (n = 55) of the report-
ed articles are phase II-III trials. The high-
est mean impact factor was related to pro-
spective publications (p < 0.001; . Fig. 1a).
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Journal specialty

From a total of 207 journals, IORT articles 
were significantly more frequently report-
ed in surgery (n = 399, 41 %) and radio-
therapy journals (n = 273, 28 %; p < 0.01). 
The highest impact factor was achieved by 
radiotherapy and medical oncology jour-
nals (p < 0.01; . Fig. 1b).

Primary scientific topic

Clinical cancer outcome reports repre-
sented the most frequently published pri-
mary topic (n = 661, 68 %; p < 0.001). Clin-
ical reports and technology were associ-
ated with the highest mean impact factor 
(p < 0.01; . Fig. 2a).

Tumor sites

Gastrointestinal tumor reports were most 
frequent (n = 456, 47 %; p < 0.001). The 
mean superior impact factor was related 
to breast and gynecologic cancer publica-
tions (p < 0.01; . Fig. 2b). Of the 28 tumor 
sites reported, the most commonly men-
tioned sites were breast (n = 191, 19.7 %) 
pancreatic (n = 183, 18.8 %) and colorectal 
cancer (n = 179, 18.4 %).

Year of publication

The year of highest productivity was 
1997 (n = 102, 11 %; p < 0.001) and the year 
with the highest mean impact factor was 
2008 (p < 0.001; . Fig. 3).

Discussion

Used either alone or in combination, spe-
cialized radiotherapy techniques are de-
veloped to improve the therapeutic in-
dex of conventional cancer therapies [11]. 
Brachytherapy, radiosurgery, intensity-
modulated radiotherapy (IMRT) and im-
age-guided radiotherapy (IGRT) are all 
examples of radiation technology-driv-
en developments aimed at assuring high 
cancer local control rates while minimiz-
ing toxicity [12].

Bibliometrics is a set of methods (sta-
tistical and mathematical) generally used 
to measure and analyze the quantity and 
quality of articles and publications [10]. 
Quantity indicators measure the produc-
tivity of a particular researcher: in the 
present analysis, we have used the sim-
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plest method available to asses this (i.e. the 
number of articles published in PubMed). 
Although this count is a very straightfor-
ward indicator that can be easily calculat-
ed, one must be very careful when using 
it to compare different groups. While the 
number of publications does reflect pro-
ductivity, it does not address the quality 
of the articles [10]. By analyzing the arti-
cle methodology, this limitation can po-
tentially be overcome (the impact of a case 
report is obviously not equivalent to that 

of a multicenter randomized controlled 
clinical trial). Additionally, the number of 
publications is also influenced by cohort 
size [10]. Beyond productivity, the level of 
quality of the publication can be identi-
fied by using performance indicators [10]. 
In the present analysis we used the Jour-
nal Citation Index Impact Factor as a sur-
rogate measure of quality.

Bibliometrics of highly specialized ra-
diotherapy techniques have never been 
reported; either because they have evolved 

into the development of a specific jour-
nal devoted to this particular scientific 
area (brachytherapy or radiosurgery), or 
because the information was spread due 
to its multispecialty nature (IORT). The 
evaluation of metrics for cancer treatment 
techniques is relevant to understanding 
the patterns of medical practice result re-
porting, as well as to evaluating the sen-
sitivity of the peer review system within 
the broad spectrum of oncology journals.
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Abstract
Purpose.  To analyze the performance and 
quality of intraoperative radiation therapy 
(IORT) publications identified in medical da-
tabases during a recent period in terms of 
bibliographic metrics.
Materials and methods.  A bibliometric 
search was conducted for IORT papers pub-
lished in the PubMed database between 
1997 and 2013. Publication rate was used as 
a quantity indicator; the 2012 Science Cita-
tion Index Impact Factor as a quality indica-
tor. Furthermore, the publications were strat-
ified in terms of study type, scientific topic re-
ported, year of publication, tumor type and 
journal specialty. We performed a one-way 
analysis of variance (ANOVA) to determine 

differences between the means of the ana-
lyzed groups.
Results.  Among the total of 207 journals, ar-
ticles were reported significantly more fre-
quently in surgery (n = 399, 41 %) and radio-
therapy journals (n = 273, 28 %; p < 0.01). The 
highest impact factor was achieved by clini-
cal oncology journals (p < 0.01). The majori-
ty of identified articles were retrospective co-
hort reports (n = 622, 64 %), followed by re-
view articles (n = 204, 21 %; p < 0.001). Re-
garding primary topic, reports on cancer out-
come following specific tumor therapy were 
most frequently published (n = 661, 68 %; 
p < 0.001) and gained the highest mean im-
pact factor (p < 0.01). Gastrointestinal tumor 

reports were represented most frequently 
(n = 456, 47 %; p < 0.001) and the mean supe-
rior impact factor was earned by breast and 
gynecologic publications (p < 0.01).
Conclusion.  We identified a consistent and 
sustained scientific productivity of interna-
tional IORT expert groups. Most publica-
tions appeared in journals with surgical and 
radiooncological content. The highest im-
pact factor was achieved by medical oncolo-
gy journals.

Keywords
Medical oncology · PubMed · Cancer · 
Radiotherapy · Journal impact factor

Bibliometrie der intraoperativen Strahlentherapie. Analyse technischer, 
klinischer und publikatorischer Entwicklungen

Zusammenfassung
Ziel.  Ziel war es, in Form von bibliographi-
schen Metriken die wissenschaftliche Effi-
zienz und Qualität von Publikationen über 
die Anwendung intraoperativer Strahlen-
therapie (IORT) zu analysieren, die in einer 
bestimmten Zeitspanne in medizinischen 
Datenbanken gefunden wurden.
Material und Methoden.  Es wurde eine bi-
bliometrische Suche nach IORT-Publikatio-
nen vorgenommen, die in der Pubmed-Da-
tenbank zwischen 1997 und 2013 veröffent-
licht wurden. Als Mengenindikator verwen-
deten wir die Publikationsrate und als Qua-
litätsindikator den „2012 Citations Index Im-
pact Factor“. Die Arbeiten wurden außerdem 
geordnet nach Studientyp, wissenschaftli-
chem Fokus, Tumorentität, Art der Zeitschrift 
sowie Erscheinungsjahr. Um die Unterschiede 
zwischen den Mittelwerten der untersuchten 

Gruppen zu bestimmen, wurde eine Einweg-
varianzanalyse (ANOVA) durchgeführt.
Ergebnisse.  Von insgesamt 207 Fachzeit-
schriften wurde signifikant häufiger in je-
nen der Chirurgie (n = 399; 41 %) und der 
Strahlentherapie (n = 273; 28 %; p < 0,01) pu-
bliziert, wobei der höchste Impactfaktor in 
Fachjournalen der klinischen Onkologie er-
zielt wurde (p < 0,01). Die meisten Veröffent-
lichungen bezogen sich auf retrospektive Ko-
hortenstudien (n = 622; 64 %), gefolgt von 
Übersichtsarbeiten (n = 204; 21 %; p < 0,001). 
Zu klinischen Ergebnissen nach spezifischer 
Tumortherapie erschienen im Vergleich zu 
anderen Themen die zahlreichsten Arbeiten 
(n = 661; 68 %, p < 0,001); hier wurde auch 
der höchste mittlere Impactfaktor erreicht 
(p < 0,01). Am häufigsten fanden sich Veröf-
fentlichungen über gastrointestinale Tumo-

ren (n = 456; 47 %; p < 0,001); im Bereich gy-
näkologischer Tumoren und Mammakarzino-
me wurde dagegen der höchste mittlere Im-
pactfaktor erzielt (p < 0,01).
Schlussfolgerung.  Es war festzustellen, dass 
die wissenschaftliche Produktivität inter-
nationaler IORT-Expertengruppen bestän-
dig und nachhaltig ist. Die meisten Veröf-
fentlichungen erschienen in chirurgischen 
und radioonkologischen Fachzeitschriften. 
Der höchste Impactfaktor wurde in Fachzeit-
schriften mit internistisch-onkologischer Aus-
richtung erzielt.

Schlüsselwörter
Internistische Onkologie · PubMed-
Datenbank · Krebs · Strahlentherapie · 
Impactfaktor
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The main findings of the present anal-
ysis of metrics in IORT publications dur-
ing the period 1997–2013 are: the limit-
ed availability of phase III trials specific to 
IORT [2]; the balanced reporting of IORT 
data in surgical- and radiation oncolo-
gy-based journals; the progressive incre-
mental increase in impact factor over time 
and the increasing tendency to report data 
from early-stage breast cancer studies [13, 
14]. Additionally, the fact that IORT is a 
cancer treatment modality able to con-
tribute with competitive results for a va-
riety of cancer sites and histological types 
is extensively documented; with most re-
ports published in the first quartile of the 
specific specialty journals. Due to the ret-
rospective nature of IORT clinical reports, 

it is identified that the relevance of edito-
rial interest in the published data is related 
to the potency of the analysis performed 
(number of patients and long-term fol-
low-up maturation; [10]).

Pooled analysis strategies for inter-
institutional data sharing and reporting 
have found a particularly positive sta-
tus in terms of the quality of their met-
rics [11, 14]. This effect on interinstitu-
tional pooled analyses has recently been 
confirmed in soft tissue and renal cancer 
models [12, 16, 17].

Nonrandomized surgical and radio-
therapeutic clinical cancer control re-
sults have an intrinsic limitation to the 
attainment of metric publication stan-
dards. This fact affects the discrimination 

of knowledge. Additionally, local cancer 
therapies have methodological and intrin-
sic restrictions in terms of generating hy-
potheses to be tested in randomized on-
cology trials. This fact contributes to the 
marginal success of designed and com-
pleted randomized trials for IMRT/IGRT, 
brachytherapy and radiosurgery.

Designed IORT trials employing dose-
escalation strategies and using radiother-
apy precision techniques have indicated 
that improved cancer control with equiv
alent normal tissue toxicity is a realistic 
scenario [2]. Reports are consistent with 
improved promotion of local control in 
pancreatic [18], gastric [19] and gastro-
esophageal cancer [20], as well as in local-
ly advanced [21, 22] and locally recurrent 
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rectal cancer [23]; while decreased nor-
mal tissue toxicity (severe enteritis) has 
been proven in the retroperitoneal sarco-
ma model [24].

New hypotheses have also been tested 
with IORT in studies searching for non-
inferiority or equivalence of outcomes 
using single-fraction IORT compared to 
conventional radiotherapy in early stage 
breast cancer [13, 14]. Results are ques-
tionable regardless of the technology em-
ployed (electrons or kilovoltage X-rays).

Finally, of relevant potential for the 
understanding and reporting of IORT 
contributions to combined cancer man-
agement is the analysis of risk factors as-
sociated with local relapse and identifica-
tion of the effect of adverse features such 
as close or positive surgical margins, mul-
tiple involved surgical specimens, exten-
sive nodal involvement, radioresistant 
disease, etc. The cancer models including 
this kind of analysis in IORT-contain-
ing radiosurgical strategies are oligore-
currence [17, 23–26] and resectable pan-
creatic cancer [18]. Technical reports of 
IORT implementation involving physi-
cal science developments (e.g. in vivo do-
simetry or quality assurance; [3]), treat-
ment planning modified for surgical fea-
tures and radiation equipment design 
are scarce in the medical literature and, 
with occasional exceptions, published in 
the latter quartiles of impact-factor rated 
specialty journals [27].

Conclusion

We identified a consistent and sus-
tained scientific productivity of interna-
tional IORT expert groups. Journals with 
surgical and radiooncological content 
showed the dominant publication fre-
quency [28–30].The highest impact fac-
tor was achieved by medical oncology-
based journals. Quantity and quality in-
dicators could potentially help research-
ers to select the journals to which they 
submit their manuscripts and organiza-
tions to make decisions regarding ap-
pointments, promotions and funding of 
particular research, individual research-
ers or a research group. Moreover, they 
could help to determine the geographic 
origin of research and detect growth of a 
country’s scientific impact. These indica-
tors could also help to measure research 
focus, detect misallocation of resourc-
es, predict research success and orient re-
search funding to optimize support of re-
search policy.
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