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Purpose: Tru-cut biopsy is a minimally invasive technique used to obtain tissue samples for the diagnosis of tumors, especially in
patients where primary surgery is not indicated. The aim of this study was to assess the adequacy, accuracy and safety of the tru-cut
biopsy for diagnosis in gynecological cancer.

Methods: A retrospective population-based review of 328 biopsies was conducted. The indications for tru-cut biopsies were diagnosis
of primary tumors, metastases of gynecological and non-gynecological tumors, and suspected recurrences. A tissue sample was
considered adequate when the quality/quality was sufficient to identify the subtype/origin of the tumor. Potential factors affecting
adequacy were analyzed using logistic regressions analyses. Accuracy was defined as agreement between the diagnosis of the tru-cut
biopsy and the postoperative histology. The therapy plan was registered, and the clinical applicability of the tru-cut biopsy was
investigated. Complications within 30 days after the biopsy procedure were registered.

Results: In total, 300 biopsies were identified as tru-cut biopsies. The overall adequacy was 86.3%, varying between 80.8% and
93.5%, respectively, when performed by a gynecological oncologist or a gynecologist with a subspecialty in ultrasound diagnosis.
Sampling of a pelvic mass had a lower adequacy (81.6%) compared with sampling of the omentum (93.9%) or carcinomatosis
(91.5%). The accuracy was 97.5%, and the complication rate was 1.3%.

Conclusion: The tru-cut biopsy is a safe and reliable diagnostic method with a high accuracy and a good adequacy, depending on the
site of the tissue sample, indications for the biopsy and the experience of the operator.
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Plain Language Summary
In ovarian cancer and other cancer diagnoses, the outcomes depend on timely diagnosis, as well as access to appropriate surgery and
systemic therapy. These parameters can be considered indicators of the effectiveness of a country’s health-care system. A global
assessment by world region and Human Development Index showed that inadequate public-health systems with fewer facilities for
diagnosis could have an impact on ascertaining cases and could also negatively contribute to lower survival. In contrast, many high-
income countries either had centralized diagnostics and treatment for ovarian cancer, or they were in the process of centralization,
which had previously been linked to improved survival.

Correct characterization of the tumor and its spread before initial intervention can help to select effective therapeutic approaches
for each patient. Histotype-specific and/or stage-dependent treatment options are needed, in combination with a patient’s character-
istics such as age, comorbidity, and personal or family wishes.

Introduction

In the era of molecular and genetic needs for cancer treatment, diagnostic analyses must also be made when primary surgery is
not indicated or when preoperative diagnosis is crucial for further treatment. Ideally, minimally invasive techniques should be
chosen to obtain cytological or tissue specimens.' Tru-cut biopsy is a highly sensitive and established method to obtain
material to diagnose primary, locally recurrent or metastatic lesions in various anatomical regions, with an accuracy varying
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between 76% and 99%.>** In many centers, laparoscopy is used to identify tumor extension and for tissue sampling.>*® On the
other hand, ultrasound-guided biopsy methods, with flexibility to use transabdominal, transvaginal, and transrectal approaches
offer benefits and have minimal risk of complications, high accessibility and low costs, compared to computer tomography
(CT) or magnetic resonance (MR) guidance.” The role of tru-cut biopsy in gynecological oncology has been addressed by
several authors.”'%™'2 In patients with poor performance status, with suspicion of recurrent disease, when surgery is not the
first option of treatment, or when general anesthesia has to be avoided, the tru-cut biopsy is a less invasive option than
laparoscopy.'* ™’

This review aims to look at the adequacy, accuracy and safety of the tru-cut biopsy in a large group of patients with
gynecological malignancy, in relation to clinical specialty of visualization method, and to identify factors that might
affect the performance, with a focus on ultrasound guidance. In daily practice, an ultrasound-guided tru-cut-biopsy is
performed by different health-care providers such as gynecological oncologists, gynecologists or radiologists with
ultrasound competence and Computed Tomography-guidance (CT-guided), depending on the local or regional resources.

Differences in adequacy were investigated in relation to type of operator, anatomic location chosen for the biopsy and
guidance method. The goal setting was to identify the optimal instance for reference of the patients and to facilitate a safe

and rapid track to diagnose gynecological malignancies and initiate treatment.

Materials and Methods
Study Population

The study was conducted as a retrospective population-based review. The study was approved by the Swedish Ethical Review
Authority (2020/2818). The primary data source was charts from patients who underwent a tru-cut biopsy between 1st of
January 2015 and 31st of December 2020 at the tertiary center for oncologic gynecological surgery in the Department of
Obstetrics and Gynecology Skéne University Hospital, Lund. Sweden. Patients were identified from the Laboratory
Information Management System (LIMS) used by pathologists, by searching for tru-cut biopsies required by the gynecolo-
gical department. The clinical characteristics of the patients were collected from the patient data system (Melior.220—
9.3.0.400-20210909.3, Cerner Corporation, Kansas City, USA): age, body mass index (BMI), CA—125, and Fédération
Internationale de Gynécologie et d’Obstétrique (FIGO) stage (when applicable), and primary diagnosis (when recurrence was
suspected). The pathologists performed histopathological diagnoses on formalin-fixed and paraffin-embedded material.

The indications for the tru-cut biopsies were divided into three main groups, suspicion of A) new tumors of gynecological
origin, B) tumors of non-gynecological origin for further referral, and C) recurrences from gynecological tumors.

Five different groups of operators performed biopsies: gynecological oncologists, gynecologists or radiologists
subspecialized in ultrasound diagnosis, radiologists specialized in performing CT-guided biopsies and general gynecol-
ogists. The biopsy sites consisted of pelvic tumors, peritoneal carcinomatosis, omental cake, lymph nodes, and others
(including the liver and thorax). Some of the biopsy sites are exemplified in Figure 1.

Patients who underwent tru-cut biopsy were initially assessed by vaginal and abdominal ultrasound scan or
corresponding imaging technique, for tumor extent, whereby the optimal site for biopsy was selected. Consecutively,
tissue samples were collected, for example using a 30 cm 18—gauge needle (for the transvaginal approach) or a 20 cm
16—gauge needle (for the transabdominal approach) mounted on a Bard® Magnum® Ref MG1522 core biopsy instrument,
under machine-integrated ultrasound needle guidance. Examples of used equipment are presented in Figure 2. When the
transabdominal procedure was used, 8—12 mL of local anesthesia was infiltrated prior to sampling. No anesthetic was
applied prior to vaginal sampling, and no analgesics or antibiotics were administered prior to the procedures. Patients
were informed and recommended contacting the gynecology emergency unit in the event of possible adverse outcomes
such as bleeding, severe pain, fever or infection in the days following the procedure.

In patients where no tumor site was considered safely accessible by either the transvaginal or transabdominal
ultrasound approach, or in the case of distant metastasis (liver, lungs), diagnostic biopsies were made either by CT-
guided sampling or by diagnostic laparoscopy.
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a. ovarian cancer-tumor b. carcinomatosis-pounch of Douglas

|

Figure | (a) Heterogeneous irregular cystic-solid ovarian tumor and the tru-cut biopsy needle visualized at sampling of the solid component of the lesion. (b) Irregular solid
richly vascularized carcinomatosis deposits on peritoneal surface and free fluid *In the pouch of Douglas (c) Heterogeneous solid richly vascularized metastatic tumor
relapse in the pouch of Douglas. (d) Irregular solid heterogeneous moderately vascularized omentum metastasis of ovarian cancer.

Figure 2 (a) Transvaginal RIC5-9-D *and transabdominal C2-9-D curvilinear **Probes prepared with protective cover and probe guide. (b) Bard® Magnum® Ref MG 1522
tru-cut core biopsy instrument and 18G 30cm needle for transvaginal “Respectively 16G 20 cm needle for transabdominal *Sampling. (c) tru-cut biopsy in formaldehyde
solution.

The Adequacy and Accuracy Analyses
Only tissue samples where quality and quantity led to diagnoses, including immunohistochemistry analyses, in order to
identify the subtype/origin of the tumor, were considered adequate.

Potential factors that could have affected adequacy were registered, as follows: age, BMI, ascites, CA—125, indica-
tion, site of biopsy, biopsy approach and operator qualifications.

The accuracy of the biopsy method was analyzed for patients where a tru-cut sample was considered adequate and
therefore could be compared with the postoperative histopathological diagnosis.

The results of somatic BRCA mutation-analysis were registered when this where performed on the biopsy material,
even if the BRCA analyses were not considered as a part of the study aims.

All therapy strategies were registered and therapeutical decisions based on tru-cut biopsy results were analyzed, in
order to investigate the clinical applicability of the procedure.
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The therapy strategies were documented and divided into seven categories: primary surgery, neoadjuvant chemotherapy
and interval surgery, palliative chemotherapy, best supportive care, recurrence surgery, curative radiotherapy and follow-up.

All complications occurred within 30 days after the biopsies were registered and were analyzed in relation to the
operator, the site of the biopsy and the biopsy approach.

Statistical Analyses
Descriptive and analytical statistics were performed using the statistical software IBM Corp. Released in 2019. IBM
SPSS Statistics for Windows, Version 26.0. Armonk, NY: IBM Corp Nominal and ordinal data were coded to enable
subsequent statistics to be obtained. Qualitative data were described in counts (n) and percentages (%) and quantitative
nonparametric data in medians and range intervals.

Age and BMI were analyzed as continuous data, while ascites was dichotomized into two groups, below and above
1000 mL. CA-125 was logarithmized due to squid data distribution.

The different parameters affecting adequacy were analyzed separately, comparing one parameter at time with the
whole group, using logistic regression analysis.

For accuracy analyses, the postoperative final histopathological diagnosis constituted the diagnostic reference
standard (gold standard), while the tru-cut biopsy diagnosis was the diagnostic test.

Results

Study Population
A total of 328 biopsies were identified in the LIMS database. Twenty-eight biopsies were excluded due to either
insufficient data, non-gynecological (as breast tissue), or other techniques than tru-cut biopsy (Figure 3).

In total, 300 tru-cut biopsy procedures were performed on 281 patients (Figure 3). In 15 patients additional biopsies
were needed, as follows: 13 patients needed a second biopsy, one patient underwent a third biopsy and one patient
underwent five biopsies due to low quantity and/or quality of the samples. Clinical data, type of diagnosis, biopsy site,
approach and the type of operator are shown in Table 1. In 286 out of 300 cases, two or more cores/tissue cylinders were

309 patients 328 biopsies
28 excluded patients 28 excluded

biopsies
2 e ‘ 300 tru-cut biopsies ‘
104 patients \ 41 non-adequate
never operated

biopsies

sampled.

259 Adequate biopsies

177 operated patients (86.3% adequacy)

(Histopathologic biopsy to compare with)

100 adequate biopsies
/ among not operated
18 patients without | patients

adequate biopsies

159 adequate /

subject to accuracy analyses

4 tru-cut patients / biopsies /l

not in agreement with final
histopathological result

155 biopsies in agreement with
postoperative histopathological
result

(97.5 % accuracy)

Figure 3 The flowchart of patients (blue) and biopsies (brown). Correspondent biopsy for each patient- flow chart to analyze accuracy (green).
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Table | Characteristics of the Study Population (Patients and Biopsies) with Respect to Indication, Biopsy Site,

Approach and Operator, with Corresponding Adequacy for Each Variable

Parameter Patients Median (Range) | N (%) 281

Age (years) 71 years (24-96)

BMI (kg/m?) 25 (15-47)

CA-125 (U/mL) 99 (6-32,832)

ECOG

<l 194 (69.0)

2 82 (29.2)

Missing data 5(1.8)

Ascites

None 185 (65.8)

<1000 mL 25 (8.9)

21000 mL 65 (23.1)

Laparocentesis 6 (2.1)

Parameter N (%) Corresponding adequacy N (%) | p
Biopsies 300 259 (86.3)

Diagnosis

Ovarian cancer 149 (49.7) 132 (88.6) p=0.283
Uterine malignancy 54 (18) 44 (81.5)

Cervical cancer 23 (7.7) 19 (82.6)

Vulvar cancer 12 (4.0) 12 (100)

Breast cancer (with peritoneal carcinomatosis) | 2 (0.7) 2 (100%)

Gastrointestinal cancer 22 (7.3) 20 (90.9)

Benign biopsy 26 (8.7) 22 (84.6)

Other 12 (4.0) 8 (66.3)

Indication

Primary diagnosis 196 (65.3) 175 (89.3) p=0.039
Metastatic tumor 12 (4) 8 (66.7)

Recurrence 92 (30.7) 76 (82.6)

Operator

Gynecological oncologist 120 (40) 97 (80.8) p=0.026
Ultrasound gynecologist 123 (41) 115 (93.5)

Ultrasound radiologist 48 (16) 40 (83.3)

CT-guided 7 (23) 6 (85.7)

General gynecologist 2 (0.7) 1 (50)

Site of biopsy

Pelvic tumor 174 (58.0) 142 (81.6) p=0.093
Carcinomatosis 47 (15.7) 43 (91.5)

Omental cake 33 (11.0) 31 (93.9)

Lymph node 15 (5.0) 14 (93.3)

Others 31 (10.3) 29 (93.5)

Approach

Transvaginal 180 (60) 157 (87.2) p=0.722
Transabdominal 90 (30) 75 (83.3)

Transvaginal + transabdominal 2 (0.7) 2 (100)

Others* 28 (9.3) 25 (89.3)

Notes: *Extra-abdominal lymph nodes. Bold values denote statistical significance at the p < 0.05 level.
Abbreviation: ECOG, Eastern Cooperative Oncology Group.

Adequacy

An adequate tumor sample was obtained in 259 out of 300 biopsies, with an overall adequacy of 86.3%. In 41 of the tru-

cut biopsies (34 patients), the result was inadequate or not representative for the tumor type or origin (Figure 3). For 15
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of these patients, one or several biopsies were repeated. Of the remaining 19 patients, one (1) patient underwent open
biopsy (superficial, subcutaneous metastasis), seven (7) patients underwent laparoscopy or laparotomy, in two (2) patients
a fine needle biopsy was performed, for one (1) patient with actinomycosis the diagnosis was settled by microbiology
culture, and in two (2) patients the diagnosis was settled by cytology. In six (6) patients no final diagnosis was registered:
two with poor performance status and advanced disease died before the completion of diagnosis, in three a follow-up was
planned due to clinical benign nature of the tumor, and one moved abroad and was lost to follow-up.

The adequacy of the tru-cut biopsy was negatively influenced by the biopsy site, with a 66% higher risk of a failed
biopsy from pelvic tumors but not by age, BMI, CA-125 or quantity of ascites. The procedure approach did not
significantly affect the adequacy. Ultrasound-guided biopsies performed by gynecologist subspecialized in ultrasound
diagnostics provided 3.3 times higher odds of giving an adequate sample (Table 2). When the data were adjusted for
biopsy site, approach and indication, the chance for a successful tru-cut biopsy was still higher when performed by
gynecologist subspecialized in ultrasound diagnosis (OR 2.9; 95CI: 1.249-6.722, p=0.13).

Gynecological oncologists and radiologists performed tru-cut biopsy during the entire six-year review period, while
the gynecologist subspecialized in ultrasound diagnosis started to routinely perform the procedure in 2017, covering just
4 years of the study period, as shown in Figure 4. The gynecological oncologist more often targeted pelvic tumors than
peritoneal carcinomatosis or omental cake (74.2% vs 9.2% and 5%, respectively, p=0.000) and compared with other
operators, more often used transvaginal guided ultrasonography (73.3% vs 51.1%, p=0.001).

The biopsies performed by the radiology department were mainly transabdominal (81.3%), and the biopsy site was
other than pelvic tumors in 85.7% of CT-guided and in 79.2% of ultrasound-guided biopsies.

Logistic regression analyses comparing ultrasound-guided tru-cut biopsies between gynecological oncologists vs
gynecologist and radiologists, both with ultrasound competence showed a higher odds ratio for the last two, OR: 3.6
(1.544-8.364), p=0.003 for the gynecologist and OR: 1.25 (0.518-3.017), for the radiologist (p=0.62), using the
gynecological oncologist as reference.

Table 2 Dependency of Adequacy on Selected Parameters as Evaluated Using Logistic Regression

Variable Constant Odds Ratio 95% Confidence Interval P value Impact on Adequacy
Age —0.008 0.992 0.969-1.016 0.525 None
BMI 0.52 1.053 0.984-1.127 0.135 None
Log2(CA-125) 1.073 0.929-1.239 0.338 None
Ascites
<1000mL —0.617 0.540 0.217-1.344 0.185 None
=1000mL 0.617 1.857 0.744-4.617 0.185 None
Indication
Diagnose 0.685 1.984 1.020-3.859 0.044 Positive
Metastasis -1.22 0.295 0.085-1.028 0.55 None
Relapse —0.432 0.649 0.328-1.284 0.214 None
Site of biopsy
Pelvic tumor —1.075 0.341 0.157-0.744 0.007 Negative
Carcinomatosis 0.611 1.841 0.624-5.435 0.268 None
Omentum 0.975 2.65 0.610-11.527 0.193 None
Lymph nodes 0.827 2.286 0.292-17.864 0.43 None
Approach
Transvaginal 0.186 1.205 0.619-2.343 0.583 None
Transabdominal —0.347 0.707 0.354-1.408 0.324 None
Operator
Gynecological oncologist —0.758 0.469 0.241-0.912 0.026 Negative
Ultrasound gynecologist 1.192 3.294 1.465-7.408 0.004 Positive
Ultrasound radiologist —0.243 0.753 0.324-1.750 0.51 None
CT-guide —0.053 0.949 0.111-8.080 0.962 None
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Figure 4 Clinical development showing the number of biopsies (A) and adequacy (B) by operator during the study period.

Accuracy
Out of 281 patients, 177 underwent surgery at some point and had a postoperative histopathological biopsy to compare it
with, whereas 104 patients never had surgery (palliative, best supportive care, benign). In 18 out of 177 patients, the tru-
cut biopsies were not adequate and were excluded from the accuracy analyses. The remaining 159 patients with an
adequate tru-cut biopsy and a postoperative histopathological diagnosis to compare it with were included in the accuracy
analyses (Figure 3).

In four out of 159 patients, the tru-cut biopsy was not in agreement with the postoperative histopathological result,
resulting in an accuracy of 97.5%. It is notable that three of these tumors were of non-gynecological origin (Table 3).

Safety and Clinical Applicability of the Tru-Cut Biopsy
In four (4/300) of cases, complications occurred following the procedure (1.3%). All complications were related to
infection. The patients were clinically stable and did not require surgery (Table 4).

Out of 259 adequate biopsies, 254 (98.1%) led to a therapy plan, but not in five cases, despite an adequate tissue
sample being obtained. In four cases, the accuracy of tru-cut biopsy was not proper as shown in accuracy analyses and in
the fifth case, a suspicion of vulvar cancer relapse, the tru-cut biopsy of the groin lymph nodes was benign and lead to no
therapeutic approach. Later on, a therapy plan was established after a cytological relapse confirmation.

For cases with an adequate sample, the therapy plan consisted of upfront surgery in 51/254 of cases, neoadjuvant
chemotherapy and interval surgery in 20/254, palliative chemotherapy in 105/254, best supportive care in 40/254, relapse
surgery in 11/254, curative radiotherapy in 5/254, and follow-up in 22/254.

BRCA Analyses

In 21 cases breast cancer gene mutation (BRCA) analyses were required. In all cases the material was considered
adequate for the BRCA analyses. Three tumors were found to be BRCA 2 mutated and one BRCA 1 mutated.

Table 3 The Tru-Cut Biopsy Diagnosis and Final Diagnosis in Patients with
Unclear Diagnosis Despite an Adequate Tru-Cut Biopsy Sample

Tru-Cut Biopsy Diagnosis Final Diagnosis

Unclear mucinous cancer Pancreatic cancer metastasis

Malign epithelial tumor Breast cancer with peritoneal metastases

Dedifferentiated tumor Neuroendocrine tumor of the lungs

Benign ovarian tissue

Low-grade serous carcinoma
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Table 4 Tru-Cut Biopsy Characteristics, Therapy and Hospital Stay for Patients with Complications

Nr. Indication Place of Approach Operator Complication Readmission | Therapeutic

(Age) Biopsy Approach

1. (69) | AOC suspicion Omentum Transabdominal | Gynecological Intestinal 26 hours after | Intravenous
(diagnostic) oncologist perforation biopsy antibiotics

2. 86 AOC suspicion Pelvic tumor | Transvaginal Gynecological Superficial, puncture | 5 days after Intravenous
(diagnostic) oncologist infection biopsy antibiotics

3.(80) | AOC suspicion Pelvic tumor | Transvaginal Gynecological Pelvic abscess 3 days after Intravenous
(diagnostic) oncologist biopsy antibiotics

4. (25) | Krukenberg tumor | Pelvic tumor | Transvaginal Ultrasound Pain Pelvic abscess 4 hours after Intravenous
(diagnostic) gynecologist biopsy antibiotics

Abbreviation: AOC, Advanced ovarian cancer.

Discussion

This study is a retrospective review of the experience of performing a tru-cut biopsy during 6 years of clinical practice in
a single tertiary institution. Many similar studies have shown a high rate of successful retrieval of tumor material with this
method, when performed under ideal circumstances in clinical practice (as performed in highly specialized health care).
Zikan et al describe a high adequacy of 91.3% when the biopsy is performed by ultrasound specialists, which is comparable
with 93.5% in our study when comparing with the same specialist category.> However, in daily practice, a highly
specialized ultrasound-guided biopsy is not always available. The overall adequacy in our study was 86.3%, with
differences depending on indication, site of biopsy and operator that is comparable with another Swedish study describing
an adequacy of 88%.'? The gynecological oncologist has the advantage of performing a tru-cut biopsy without delay, when
the patient is presenting at the office, with a relative good adequacy (80.8%), enabling a swifter planning of treatment. This
is an advantage if accessibility to an ultrasound or radiology department is limited. However, since the risk of an inadequate
sample is 53% higher, this might also lead to a delay due to the necessity for planning and performing a new biopsy for some
patients, with possible implications for overall survival.'® Therefore, these results indicate that preparing for a specialist
ultrasound with a tru-cut biopsy might be worthwhile, since this procedure gives the most adequate material.

Differences in the tru-cut procedure were registered between the gynecology and radiology departments, with
a higher incidence of use of the transabdominal approach for the radiology department. Tumor sites other than the
pelvis were more often targeted and specific localizations, such as liver biopsy, were exclusively performed in the
radiology department. This was partly a result of the diagnostic arrangement, and emphasizes the importance of
multidisciplinary collaboration in cancer patient care.

The adequacy was negatively affected when the biopsy was sampled from pelvic tumors. This might be related to tumor
heterogeneity and to the presence of partly necrotic and cystic components.'*° The indication of primary diagnostics of
gynecological tumors was a positive predictive factor, compared with suspicion of metastasis from non-gynecological
cancer or recurrent disease. Most of the patients with primary diagnosis had FIGO stages III and IV, which implies a high
tumor burden, whereas recurrences might be smaller in size, impairing the ability to collect representative material.

Verschuere et al describe an increase in successful biopsies/accuracy where at least two cylinders were sampled,
compared with just one cylinder. In our study, two or more cylinders were sampled in the majority of cases (95.6%), and
no differences in the number of collected cylinders were noted.”

The accuracy in the present study was high (97.5%), with just four cases where the tru-cut biopsy was not in total
agreement with the postoperative/final histopathology diagnosis. In two cases the primary tumor was breast and lung
cancer, with unusual dissemination to the peritoneal cavity. In both cases a malignant diagnosis was identified but needed
further investigation through a stereotactic breast biopsy and a thoracoscopic biopsy, respectively.”'** The other two
cases were a mucinous and low-grade type tumor. The difficulty in diagnosing this entity is even described for other
histopathological procedures as frozen section diagnosis, where difficulty diagnosing mucinous histopathology and
distinguishing between borderline tumors and low-grade histology was observed.”>** The difficulty in correctly
diagnosing the origin of a mucinous tumor may be explained by the fact that mucinous tumors in different organs can

1374 "= Journal of Multidisciplinary Healthcare 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Asp et al

be very similar.?® In the fourth case, a benign tru-cut biopsy was followed by a low-grade serous cancer in the
postoperative final histopathological result. We considered the biopsy to be adequate due to the quality and quantity of
the ovarian tissue in the sample, but this might be questioned since the postoperative final histopathological result of the
same ovary showed a mixed benign tissue with noninvasive and invasive low-grade serous tumors, which might be seen
due to the heterogenic nature of the low-grade serous tumors.*

The tru-cut biopsy is demonstrated to be a safe method with a complication rate between 1.1% and 4.8%, mainly minor
complications.>* In our study an incidence of minor complications of 1.3% was registered, with no major complications. In
our study, three out of four patients with complications were disclosed more than 24 h after their biopsy and one case
presented, while being at the hospital, 4 hours after the biopsy. In the last case the reported symptoms were not related to
infection, but later the actual symptoms of infection with fever and elevated leukocytosis started, after 36 h. Since
complications are rare and can become symptomatic after more than 24 h, our opinion is that the tru-cut biopsy is safe to
perform in an outpatient setting, thus avoiding additional costs due to unnecessary post-biopsy observation admissions.

Tru-cut biopsy is particularly advantageous in patients with advanced disease and poor performance status when
surgery is not an option. These patients need palliative treatment or best supportive care planning, which nevertheless
require confirmation of the malignancy type. Out of 259 adequate biopsies, 254 (98.1%) biopsies led to a therapy plan.
Among these, for 100 patients, who never had surgery the histopathological diagnosis and therapy plan were decided
based on the tru-cut biopsy only.

About 20% of ovarian/fallopian tube cancer patients carry germline mutations in the BRCA genes and about 0.4%
have mutations in DNA mismatch repair genes.”’*® Poly(ADP-ribose) polymerase (PARP) treatment demonstrated its
efficiency in treatment of both primary and recurrent ovarian cancer.”’ ' In recurrent ovarian and inoperable cancer,
histopathological confirmation is highly necessary, and might be lifesaving. In our review, the BRCA status was required
from tru-cut biopsies sample in 21 cases, and all cases were adequate samples for analysis. BRCA screening was not
a clinical routine at that time and only performed for a subset of these patients. Since our study was not designed to
consider this particular aspect of the tru-cut procedure, further studies are needed to investigate this ability.

In this review we wanted to investigate the reliability of the tru-cut biopsy from a daily clinical practice perspective. The
accessibility to highly specialized diagnostic tools is not uniform in centers treating gynecological cancers. Ideal cancer care
involves specialized medical oncologists, surgeons, radiology, ultrasonography and histopathology departments with special
interests and qualifications in gynecological malignancies, specialist nurses, and rehabilitation and psychotherapy specialists.
This is only possible in highly specialized hospitals, which can offer a good preoperative evaluation of the tumor extent, and
which have a histopathology department with access to molecular analysis, and additional fast track tools as mentioned above.

To our knowledge, this is the first study comparing the performance of a tru-cut biopsy from a time perspective and
including several medical specialists who carry out these procedures.

This study benefits from a large study population, and to our knowledge is the largest study ever performed in a single
cancer center. All histopathology analyses were carried out by a subspecialized gynecological pathology team to ensure
that expert knowledge was available. Also, the fact that the patients’ clinical records, including their ultrasound,
radiological and histopathological records, are all connected to one entity might be considered as an advantage as well.

A limitation of the study is its retrospective nature and the uncertainty of inter-individual variations between the
specialists within each group. Several gynecological oncologists and radiologists performed this procedure, whereas only

one individual gynecologist subspecialized in ultrasound diagnosis (KL) carried out all the ultrasound-guided biopsies.

Conclusion
The tru-cut biopsy is a safe and reliable diagnostic method with high accuracy and good adequacy, although these factors

depend on the site of the tissue sample, indications for the biopsy and the experience of the operator.
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