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11Diagnostic Biopsy

Khalid Elmalik and Brian Davies

11.1  Introduction

The management of Wilms’ tumor (WT) is 
regarded as one of the real success stories in pedi-
atric oncology with an overall cure rate of over 
85% [1]. This success is mainly due to the col-
laborative work of multiple worldwide groups in 
particular the International Society of Pediatric 
Oncology (SIOP) and the Children’s Oncology 
Group (COG) (formerly the National Wilms 
Tumor Study Group, NWTSG).

COG considers primary nephrectomy as the 
gold standard in most cases; however preopera-
tive biopsy is recommended in a number of var-
ied clinical scenarios. If primary nephrectomy 
cannot be safely performed, then a biopsy is rec-
ommended, either open or with multiple cores. 
The contraindications to primary nephrectomy 
according to the COG protocol include caval 
tumor thrombus extending up to the hepatic 
veins, large tumor where nephrectomy would 
result in significant morbidity/mortality, spillage, 
or incomplete resection or that involves contigu-
ous structures putting them at risk of removal 
(e.g., spleen, pancreas, colon, or liver) and finally 

if the patient suffers from extensive pulmonary 
compromise from either lung or liver deposits [2, 
3]. Bilateral disease usually does not require tis-
sue diagnosis if the patient has classic radiology 
and falls within the typical age group; neverthe-
less if one of the lesions is regarded as indetermi-
nate, then pathological assessment is 
recommended [4, 5]. In the COG protocol, bilat-
eral disease is treated initially with chemotherapy 
(ChT) and reassessment at 6 weeks, and if the 
response (tumor shrinkage) is less than 30%, then 
a biopsy would be indicated to determine the his-
tology. If anaplasia is detected, the ChT regime is 
changed, and if the histology revealed stromal 
differentiation, or rhabdomyomatous changes, 
then definitive surgery is recommended as no fur-
ther response would be expected [6].

The SIOP protocol recommends preoperative 
empirical two-drug ChT for 4 weeks with for uni-
lateral localized cases and 6 weeks three-drug 
ChT for metastatic tumor in children aged 6 
months or older without a biopsy. Therapy is ini-
tiated purely on imaging and no tissue diagnosis 
in the majority of cases [7, 8].

Below the age of 6 months, the recommenda-
tion is an upfront nephrectomy, and the likely 
diagnoses are WT or a congenital mesoblastic 
nephroma (CMN). Renal cell carcinoma mean 
age for presentation is 14 years; radiographically 
it is indistinguishable from WT.  RCC accounts 
for approximately 2–4% of childhood renal 
tumors; however this increases to over 50% in 
adolescents [9]. So, in the age group >6 months 
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to <7 years, biopsy is not recommended, as the 
likely diagnosis is WT and ChT may be started 
based on radiology as per the SIOP protocol. 
There is a caveat however to this strategy, and 
alternative pathology has to be ruled out by per-
forming a battery of investigations in addition to 
the standard tests and staging imaging.

Atypical radiology permits a biopsy in both 
COG and SIOP protocols [3]. On the other hand, 
small infants below six months of age and cystic 
tumors are generally resected primarily in both 
protocols without biopsy globally as the majority 
will not require ChT, provided the tumors were 
considered resectable. Biopsy is generally also 
avoided if rupture is suspected, unstable patient 
or a patient with known predisposition syn-
dromes, for example, Beckwith- Wiedemann 
syndrome.

In the United Kingdom, the traditional treat-
ment was an upfront surgery followed by ChT 
and/or radiotherapy (XRT) depending upon stage 
and histology (similar to NWTSG). Nevertheless, 
following the UKW3 study (1991–2001), there 
was a shift to adopt the upfront ChT as the stan-
dard of care including the biopsy [10]. The 
Children’s Cancer and Leukemia Group (CCLG) 
joined the SIOP-WT-2001 study; however, the 
routine biopsy at presentation continued to be the 
standard of care in the United Kingdom. More 
recently, despite of Brexit, the United Kingdom 
has moved closer to Europe by adopting the 
European-SIOP protocol and only performing a 
biopsy in selected cases following a stringent 
selection criterion [11].

In countries where the treatment of WT is 
non-consistent, there is a tendency to follow the 
COG guidelines for lower-stage disease where 
surgery is thought to be safe and feasible. 
However, when risk of intraoperative spillage 
deemed to be high, preoperative ChT is consid-
ered. Few centers believe in performing a biopsy 
before ChT is instituted [12].

11.2  Fallacies of Imaging Alone

Patients who have classic radiological evidence 
of WT are exempted from biopsy in European, 
and now United Kingdom, guidelines provided 

they fulfill the strict exemption criteria (Fig. 11.1); 
otherwise there is a small but recognized risk of 
missing an alternative diagnosis (Figs. 11.2 and 
11.3) resulting in suboptimal or unnecessary 
treatment.

The typical appearance of WT on CT is a mass 
confined to the kidney and may show a “bear- 
claw” sign and irregular effacement of normal 
parenchyma overlying the tumor. On SIOP 93-01 
study, about 5% of renal tumors treated with 
empirical ChT were found to be non-WT; this 
included 1.8% benign lesions [13].

Miniati et  al. reviewed histology reports of 
nephrectomies and open biopsies of 92 patients 

Fig. 11.1 2-year old: typical renal mass with caval exten-
sion, hence no biopsy before ChT. WT confirmed on final 
histology

Fig. 11.2 15-month old. Cystic renal tumor. In view of 
age being atypical for nephroma, a US-guided biopsy 
by an interventional radiologist was done into the solid 
component of the tumor. Cytogenetic studies of the 
sample did not show the typical features of a CMN. 
Immunohistopathology showed a clear cell sarcoma of 
the kidney (CCSK)
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Fig. 11.3 21-month old. Although this was completely 
solid left renal tumor on imaging, the “swirling” seen on 
the MRI was not typical of WT; hence, a percutaneous 
biopsy was performed. This showed it to be a clear cell 
sarcoma of kidney

at a single institution and calculated the accuracy 
of the imaging in identifying specific tumors; CT 
reports stated potential diagnosis in 89% with a 
diagnostic accuracy of 82% [14].

In 2014, Farmakis and Siegel reported a case 
of intrarenal neuroblastoma (IR NB) in a 
14-month- old boy who presented with a palpable 
large abdominal mass confirmed on CT to be 
arising from the left kidney, and there were no 
 calcifications; however there were multiple lung 
nodules. The diagnosis was secured by sampling 
one of the lung lesions as there was fear from 
rupture during a primary nephrectomy [4, 15].

The radiology has to be fairly conclusive to 
allow commencement of ChT without tissue 
diagnosis in the SIOP protocol. Reference radi-
ology review is usually carried out for the pur-
pose of quality control in trials in particular. 
Schenk et  al. described reference radiological 
evaluation can improve the diagnostic accuracy 
with therapeutic relevance; however they have 
pointed out that differentiation between the dif-
ferent renal tumors is not completely possible 
using imaging methods. They concluded that the 

rate of patients with false preoperative ChT for 
all renal neoplasms is 5.2% and 1% for benign 
renal tumors [16].

11.3  Children Cancer 
and Leukemia Group 
Guidelines–UK [11]

The UKCCLG recommends consideration of 
biopsy in the following situations:

 1. Children aged 7 years and above.
 2. Signs of urinary tract infection that would be 

consistent with xanthogranulomatous 
pyelonephritis.

 3. Hypercalcemia suspicious of malignant rhab-
doid tumor of the kidney.

 4. Raised lactate dehydrogenase (LDH) level 
more than four times the normal value that 
would be suspicious of neuroblastoma or 
hematological malignancies.

 5. Raised urinary catecholamines—suspicious 
of neuroblastoma

 6. Imaging suggestive of other diagnosis (e.g., 
psoas infiltration, tumor encasing vascular 
structures, numerous calcifications in the 
tumor-all suspicious for neuroblastoma). 
Renal parenchyma not visible or predomi-
nantly extrarenal process, extrahepatic, and 
extrapulmonary metastases and pulmonary 
metastasis in a patient less than 2 years of age 
(suspicious for malignant rhabdoid tumor of 
the kidney).

11.4  Limitations

The biopsy has its own limitations and cannot 
always differentiate between WT and nephrobla-
stomatosis, or between the stromal subtype WT 
and soft tissue sarcoma. The core biopsy may fre-
quently miss areas of diffuse anaplasia too [17].

It appears that overall concordance between 
biopsy and final nephrectomy remained compa-
rable between the early 1980s at 93% and more 
recent data at 91.7% to 94%, for all UK data [17–
19]. Nevertheless, Vujanic et  al.’s study only 
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included cases where both the biopsy and 
nephrectomy were sent for central pathology 
review (CPR). This suggests that where biopsy is 
performed, CPR may help improve diagnostic 
accuracy, as is the case for nephrectomy speci-
mens [20].

The biopsy was nondiagnostic in 8% (rela-
tively small sample 36 cases historical data 
1982–1986) [18] to more recent 6.5% (20) and 
4% in the UKW3 study [17].

The biopsy can be nondiagnostic for a number 
of reasons, for example, due to necrotic tumor or 
sampling normal renal tissue. The specimen may 
be indeterminate if it reveals malignant neoplasm 
that is not a WT, but it is not clear which is non-
 WT.  All these scenarios can result in delays to 
initiate definitive therapy with the potential of 
adverse consequences.

Sebire and Roebuck demonstrated in their 
systematic review that image-guided needle 
core biopsies provided adequate tissues for 
diagnosis in pediatric oncology in about 95% of 
cases and complications requiring intervention 
to treat occurred in 1% [21]. They highlighted 
that a small specimen may be adequate and 
demonstrate all the necessary diagnostic fea-
tures, whereas a larger biopsy showing part of a 
fibrous or stromal area may be inadequate for 
the pathologist to make definitive diagnostic 
comment. Immunohistochemical tests, for 
example, CD56 and nuclear WT1  in the blas-
tema of WT, require only small amount of tissue 
to diagnose [21].

On the other hand, Jackson et  al. found that 
the biopsy would be expected to correctly change 
management in only 6.7% cases [19]. However, 
reviewing the European data showing that with 
improved imaging and using selective biopsies, 
the chance of giving inappropriate ChT was 
around 1%. Hence there is a change of practice in 
the United Kingdom.

The authors have conducted a similar study of 
renal tumor biopsy of three regional centers in 
the United Kingdom, a total of 140 cases; aver-
age age 4 years 3 months (5 months to 15 years 5 
months) and 5% of the cases had non-WT pathol-
ogy including clear cell sarcoma of the kidney 

(CCSK), renal cell carcinoma and nephroblasto-
matosis. One patient bled post-procedure, but 
none required emergency nephrectomy.

11.5  The Technique

Someone competent with the technique, usually a 
pediatric surgeon or an interventional radiologist, 
performs the biopsy. It is preferable to liaise with 
the pathologist while the procedure is performed 
in order to ensure representative and adequate tis-
sue is obtained for histopathology, immunohisto-
chemistry, cytogenetics, and tissue banking if the 
patient is enrolled in a trial.

It is critical to review the cross-sectional 
images (more commonly now MR than CT) in all 
planes in order to locate the best site for biopsy 
and ascertain the depth in order to adjust the 
length of the biopsy needle (Figs. 11.4 and 11.5).

The percutaneous procedure is aseptically in the 
operating theater under general anesthesia using 
ultrasound guidance (Sonosite® W S-Nerve; 
SonoSite Inc, Bothell, WA) (Fig. 11.6). Few milli-

Fig. 11.4 Coronal view of an MR of a right-sided WT, 
with measurements, showing abdominal wall thickness 
(1.01 cm), the tumor depth (6.51cm), and the desired 
depth (3.50 cm)
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Fig. 11.5 Biopsy site cleaned and draped. The needle’s 
depth is adjusted

Fig. 11.6 Multiple cores are taken using ultrasound 
guidance

Fig. 11.7 It is crucial the sample is sent fresh in a dry, 
sterile container

meter incision is made on the skin to avoid unnec-
essary biopsy of the skin! A cutting biopsy needle 
is used, for example, full core biopsy instrument 
BioPince™ Argon Medical Devices, TX, or an 
Adjustable Coaxial Temno™ (ACT) Biopsy Device, 
Merit Medical, UT. The main advantage of the lat-
ter device is its co-axial sheath which reduces the 
numbers of points of entry of the needle tract hence 
allowing multiple sampling cores from one punc-
ture in the capsule of the tumor and reducing hem-
orrhage and potential tract recurrence, in addition 
helping minimize damage to surrounding tissue.

The biopsy has to be taken through a retro-
peritoneal approach for the obvious reason. The 
two common gauges used are 18 and 16. Several 
cores are taken to ensure sufficient sample to 
make the diagnosis, at least three, as WT can be 
often extensively necrotic. The surgeon needs to 
appreciate that a short narrow core will have less 
cells for the pathologist to assess, compared to a 
wider, longer core.

The surgeon, with experience, tends to get a 
hunch if the sample is of poor quality and will not 
hesitate to take more cores. Cores containing 
tumor tend to be whitish and hold together, 
whereas necrotic cores tend to look darker and 
often break up into multiple fragments.

The biopsy is taken promptly to the pathol-
ogy laboratory fresh and unfixed (Fig. 11.7). To 
reduce the risk of the sample drying, it can be 
put into the cut finger of a glove which is then 
put into a sterile specimen pot that has a small 
saline damped swab placed at the bottom of it. 
It then should be transferred rapidly in a closed 
container, as there is risk of drying artifact dur-
ing transit of fresh samples to the laboratory. 
The pathology request form has to be accu-
rately completed and the specimen properly 
labeled.

The authors prefer to take the specimen them-
selves to the laboratory and review with the 
pathologist an imprint smear that only takes few 
minutes to prepare by the pathologist. Imprint is 
a simple touch preparation in which tissue is 
touched on the slide and it leaves behind its 
imprint in the form of cells on the glass slide; 
studies are prepared after staining. This tech-
nique allows confirmation of the adequacy of the 
sample usually for no extra time as meanwhile 
usually a senior trainee inserts a central venous 
catheter for ChT during the same general anes-
thetic. If the sample deemed inadequate, the 
author tends to take extra samples during the 
same anesthetic in order to avoid further trips to 
the operating theater. The specimen is then sub-
jected to detailed examination including immu-
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nohistochemistry and cytogenetics in addition to 
any necessary ancillary investigation.

A local anesthetic is infiltrated at either the 
beginning or end. Usually, the wound doesn’t 
require any suturing, and a postoperative dressing 
is applied. The patient is usually observed for few 
hours, and if vital signs remain normal, clear flu-
ids are allowed then built to diet and allowed 
home in about 4–6 h.

Open wedge biopsy is not recommended, and 
the disease would certainly be upstaged to stage 
III. Open biopsy is regarded as a breach or rup-
ture of the capsule.

11.6  Complications

11.6.1  Tract Recurrence

Aslam et al. reported needle tract recurrence in a 
2-year-old girl randomized for biopsy and preop-
erative ChT during the UKW3 study [22]. Rupture 
and tract recurrence was reported from North 
America [23]. Nevertheless, in a systematic 
review, there was no reported similar complica-
tion [21]. However, in 2015, a retrospective analy-
sis of the entire UKW3 trial database was 
performed to evaluate potential risk factors asso-
ciated with local recurrence of WT, with emphasis 
on biopsy as a potential risk factor. After a median 
follow-up of 10.1 years, 5.5% experienced local, 
2.4% combined (local and distant), and 9.4% dis-
tant relapse. Biopsy, anaplasia, and tumor size 
were associated with local relapse in univariate 
analysis; furthermore in multivariate analysis, 
anaplasia and tumor size remained significant for 
local relapse, whereas the elevated risk of biopsy 
was marginal. The investigators concluded that 
biopsy should not automatically lead to upstaging 
of WT; nevertheless they felt further assessment 
of this controversial area is required [24].

11.6.2  Others

Other reported biopsy-associated morbidities 
include the local pain within the first day, readily 

controlled with oral analgesics; bleeding, rarely 
necessitating blood transfusion or emergency 
nephrectomy; infection and certainly inadequate 
sample or nonrepresentative sample with the 
need to repeat the biopsy; and damage to nearby 
organs which is reduced with the use of image 
guidance. Finally rupture and tract recurrence 
may complicate the procedure [17, 18, 23]. In 
the UKW3 study, the incidences of pain, infec-
tion, and bleeding are 19%, 7%, and 5% respec-
tively [17].

11.7  The Future

The biopsy is only one step in the management of 
WT.  The essence is to secure a firm diagnosis, 
stage, stratify risk, and deliver appropriate ther-
apy in order to achieve cure at the lowest cost and 
minimum morbidity.

In order to achieve all these goals, the authors 
believe in the future there will be more utilization 
of central review of pathology and radiology by 
experts in the field. Complex cases will be dis-
cussed at national level, for example, the National 
Renal Advisory Panel (NRAP) recently estab-
lished in the United Kingdom.

MR diffusion-weighted (DW) imaging may 
allow for differentiation of benign from malig-
nant tumors, histological tumor subtypes, and 
grade. Using mathematical models of apparent 
diffusion coefficient (ADC) values from DW 
MRI may help to identify histological subtypes 
of WT. This may in the future help stratify risk 
and guide biopsies to the most malignant part of 
the tumor [25].

There are ongoing efforts to develop “liquid 
biopsy” assays as minimally invasive tool to 
diagnose and monitor childhood solid malignan-
cies including WT.  The liquid biopsy utilizes 
these circulating tumor cells, DNA, RNA, and 
proteins in order to advance our understanding of 
tumor biology and its evolution during therapy, 
and this may open new avenues for personalized 
therapy [26]. All these advances may allow secur-
ing the diagnosis without the need for invasive 
biopsies in the future.
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