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Abstract

Purpose—Tumor biopsies are central to the diagnosis and management of cancer and are critical
to efforts in personalized medicine and targeted therapeutics. We sought to evaluate the safety and
accuracy of biopsies in children with cancer.

Patients and Methods—All biopsies performed in children at our institution with a suspected
or established diagnosis of cancer from 2003 to 2012 were retrospectively reviewed. Patient
characteristics, and disease- and procedure-related factors were correlated with procedure-related
complications and diagnostic accuracy, using logistic regression analysis.

Results—One thousand seventy-three biopsies were performed in 808 patients. Of 1025 biopsies
with adequate follow-up, 79 (7.7%) were associated with an adverse event, 35 (3.4%) of which
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were minor (Grade 1-2) and 32 (3.1%) were major (Grade 3—4). The most common major adverse
events were blood transfusion (>10cc/kg, 24 cases) and infection requiring intravenous antibiotics
(6 cases). Eleven deaths (1.4%) occurred within 30 post-procedure days but the procedure may
have contributed to the outcome in only two. Nine hundred twenty-six (90.3%) biopsies provided
definitive histologic diagnoses. Using multivariable analysis, biopsy site, pre-procedure
hematocrit, and body mass index (BMI) were associated with risk of post-procedural
complications (P<0.0001, P<0.0001, and P=0.0029, respectively). Excisional biopsy and biopsy
site were independently associated with obtaining a diagnostic result (P=0.0002 and P=0.0008,
respectively).

Conclusion—Tumor biopsies in children with cancer are associated with a low incidence of
complications and a high rate of diagnostic accuracy. The predictive factors identified for adverse
outcomes may aid risk assessment and pre-procedural counseling.
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INTRODUCTION

Tumor biopsies are central to the current and evolving management strategies for patients
with cancerl. Risk-based therapies rely on histologic features and molecular markers for
stratification?11, In addition, targeted agents are being increasingly used in pediatric
cancers, and the need for individualized comprehensive genomic evaluation to identify
potential molecular targets has become increasingly important12-15, An estimated 5% of
pediatric solid tumors may harbor actionable genetic mutations, with 10% of mutations
found in the germ-line1-18, Additionally, pharmacogenomic and pharmacodynamic studies
utilize biomarkers from tumor tissue to evaluate modulation of the intended molecular
targets®.

While most biopsies in cancer patients are performed for diagnostic purposes, the role of
research-related biopsies is also being increasingly explored. Genomic analysis of serial
biopsies has been used to study tumor heterogeneity and clonal evolution of cancers20-27,
Sequential tumor biopsies have also been used in Phase | trials to evaluate putative
predictive biomarkers and proof of target alteration in adult cancers!® 28-30 The potential
incorporation of serial biopsies in pediatric cancer management may similarly help guide
treatment and provide insights into the mechanisms of chemoresistance and acquired
mutations20. Yet the safety and accuracy of tumor biopsies have not been assessed in the
pediatric population31-33, This information is of critical importance in planning patient
management and in the informed consent process, particularly when the biopsies are
performed as part of research protocols.

We sought to assess the safety and diagnostic accuracy of tissue biopsies in pediatric cancer
patients, and identify factors that predict for post-procedural adverse events and sub-optimal
diagnostic accuracy.
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PATIENTS AND METHODS

Patients and procedures

Following Institutional Review Board approval, we retrospectively reviewed the medical
records of all patients who underwent tissue biopsies at St. Jude Children’s Research
Hospital between January 1, 2003 and December 31, 2012. We collected data regarding
patient characteristics including age at the time of procedure, weight, height, race, gender,
primary diagnosis, histologic result of biopsy and pre-procedure laboratory values; and
procedure characteristics including the type of anesthesia used, biopsy site, mode and extent
of biopsy, imaging modality used (if any), and the department performing the biopsy.

Patients with and without a final diagnosis of cancer were included, so long as cancer was in
the pre-procedure differential diagnosis. Excisional, incisional, and core needle biopsies
performed by either a surgeon or an interventional radiologist were included (Fig 1A).

All adverse events occurring within the 30-day post-procedure period were reviewed and
graded 1-4 according to Common Terminology Criteria for Adverse Events (CTCAE)
version 4.034. Sixty procedures in 52 patients did not have the 30-day follow-up: 11 patients
(one of whom had two procedures) died within 30 post-procedure days and were included in
the analysis; 40 patients had non-malignant diagnoses, and were, therefore, not followed at
our institution, and so were excluded from the analysis.

The diagnostic accuracy of a biopsy was determined by (1) evaluating the conclusiveness of
the pathologist’s report, (2) comparing the congruency of the histologic result obtained with
all subsequent biopsies, if done, taken at that site, and (3) the patient’s clinical course. In
accordance with Society of Interventional Radiology guidelines3®, a biopsy was considered
“diagnostic” if it acquired an adequate volume of lesional material that yielded a definitive
histologic diagnosis, “inadequate” if lesional material was present but a definitive,
pathologic diagnosis could not be obtained, or “non-diagnostic” if there was no
representation of lesional material from the target biopsy site or if the biopsy failed to
provide any diagnostic information whatsoever.

Statistical analysis

Correlation of study variables with diagnostic accuracy and incidence of complications were
analyzed using univariate logistic regression. Using stepwise selection, all factors entered
into multivariable logistic regression models at level of P<0.238. The relationship of selected
laboratory test values and the occurrences of post-procedural blood transfusions and
infections were analyzed using Pearson Correlation and univariate logistic regression.

RESULTS

Patient and procedure characteristics

One thousand seventy-three biopsies were performed in 808 patients. Of these, 769 patients
(1025 procedures) with adequate follow-up, and 11 patients who died within 30 days of the
procedure were included in the analysis. Patient, procedure, and disease characteristics are
summarized in Table 1. Fifty-nine (7.7%) patients undergoing 81 (7.9%) procedures were
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over the age of 21 and 7 (0.9%) patients undergoing 9 (0.9%) procedures were over the age
of 25. Eighty-one (7.9%) patients were obese with a BMI above 30 at the time of procedure.
Four hundred eighty-nine (47.7%) biopsies were performed for initial diagnosis (within 30
days of presentation), and 536 (52.3%) for follow-up of disease.

General anesthesia was used in 961 (93.8%) procedures, conscious sedation in 59 (5.8%)
procedures, and local anesthesia in 5 procedures. The most common biopsy sites were
musculoskeletal (324, 31.6%) and abdomen/pelvis (323, 31.5%), followed by head and neck
(206, 20.1%) and thoracic sites (172, 16.8%) — the latter defined as the lungs or
mediastinum.

Biopsies were performed via an open, “minimally-invasive”, or percutaneous approach in
443 (43.2%), 64 (6.2%) and 518 (50.5%) of cases, respectively. Radiographic image
guidance was used in almost all percutaneous biopsies; in only 17 was image guidance not
used. Among the 645 image-guided biopsies, the most common imaging modalities used
were ultrasound (299, 46.4%), fluoroscopy (178, 27.6%) and computed tomography (CT)
(168, 26.0%). The most common primary diagnoses for patients undergoing biopsies are
listed in Table 1.

Adverse events — severity and grading

Among 1,025 procedures in 769 patients, 79 adverse events occurred in 76 patients — an
incidence of 7.7% (Fig 1A). Using CTCAE criteria v4.0, there were 35 (51.5%) minor
Grade 1 or 2 and 32 (48.5%) major Grade 3 or 4 adverse events. During the 30-day follow-
up period, 11 deaths occurred after 12 procedures (Supplemental Table 1). The total of 79
adverse events is represented by the total number of procedures performed including the 67
CTCAE graded adverse events and the 12 procedures with deaths within 30 days. The most
common minor complications were pulmonary contusions/hematoma or pneumothorax after
lung biopsies (17 procedures), and wound infections requiring oral antibiotics (3
procedures). Six patients with pneumothorax required admission for observation, with two
additionally requiring supplemental oxygen, and two requiring tube thoracostomy. The
CTCAE considers pneumothorax, even if an intervention is required, to be a minor
complication.

The most common major complication was post-procedural transfusion of >10cc/kg packed
red blood cells (PRBCs) (24 procedures). The CTCAE considers any pediatric patient
receiving more than 10cc/kg packed red blood cell (PRBC) transfusion a major
complication. The median amount of PRBCs transfused was 12.7 (range: 8.1-60.8) cc/kg.
The median pre-procedure hematocrit for these patients was abnormally low at 27.2%
(range: 20.4-36.3), but was not significantly lower than in patients not receiving blood
transfusions (P=0.5923). Approximately one third of all patients also had a pre-procedural
hematocrit of less than 33% (data not shown). Fourteen patients had a greater than 3% drop
in post-procedural hematocrit. The estimated blood loss (EBL) was greater than 10% during
or after 5 procedures (0.5%) that required blood transfusions — 2 were open procedures and
3 were percutaneous core biopsies. Eleven procedures had negligible blood loss or had no
documented record of blood loss. The low pre-procedural hematocrit in these patients and
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negligible blood loss after these procedures may indicate these patients were likely to
receive transfusions regardless of the procedure.

There were 9 (0.9%) post-procedural infections requiring intervention. Three patients
required oral antibiotics (Grade 2), and 6 patients required intravenous antibiotics (Grade 3),
3 of whom required opening of the surgical wound.

Two other major (Grade 3) complications included one patient with reactive airway disease
post-extubation requiring re-intubation, and another patient with a post-procedural lymph
leak after an excisional biopsy of a groin mass requiring re-operation.

There were three Grade 4 adverse events (0.3%). One patient with acute lymphocytic
leukemia and multi-system organ failure had bronchopulmonary hemorrhage during an
image-guided lung biopsy requiring resuscitation, transfusion of blood products, and
vasopressor support. The second patient had post-procedural respiratory failure secondary to
fluid overload after an exploratory laparotomy and a liver wedge biopsy for neuroblastoma.
The third patient had a wound infection and sepsis after an open thigh mass biopsy.

Three procedure-related adverse events were thought to be secondary to anesthesia. One
patient mentioned above had reactive airway disease requiring re-intubation. The second
patient also mentioned above had post-procedural respiratory failure secondary to fluid
overload. Lastly, a third patient was noted to have aspirated during endotracheal intubation
leading to right lower lobe consolidation not requiring any antibiotics.

Adverse Events — Deaths

Within the 30-day post-procedural period, 11 deaths occurred after 12 procedures
(Supplemental Table 1). The median duration from procedure to death was 17 days (range:
1-30). Of the 11 deaths, only two biopsies may have contributed to the demise of these
patients (#1 and #9). Patient #1, with progressive non-Hodgkin lymphoma, died on post-
procedure day 1, with the biopsy having been performed in the setting of sepsis and multi-
organ system failure. Although the biopsy seemed to have been uncomplicated, other
procedural factors (e.g. anesthesia, positioning) may have contributed to the patient’s
demise. Patient #9 required a blood transfusion of 16.7 cc/kg immediately following an open
biopsy of a hepatoblastoma. On post-procedure day 5, the patient, had a hematocrit of 33%.
However, the patient expired the next day, 6 days after the procedure likely due to delayed
intra-tumoral hemorrhage. Seven patients died from rapidly progressive cancer; the biopsy
procedure probably did not contribute to their demise. Two patients (#2 and #4) expired
without malignant diagnoses. The first patient had aplastic anemia and a fungal infection
diagnosed by biopsy, and died of overwhelming sepsis following lobectomy. The second
patient had sclerosing mediastinitis diagnosed by biopsy and died 7 days after surgical
debulking of disease.

Adverse events — predictive factors

On univariate analysis, low pre-procedure hematocrit, biopsy site, percutaneous mode of
biopsy, and primary diagnosis were associated with post-procedure adverse events
(P<0.0001, P<0.0001, P=0.0344, and P=0.0231, respectively) (Table 1). On multivariable
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analysis, all possible explanatory variables were entered or removed based on the stepwise
selection rule of P=0.20. The model convergence criterion was satisfied and Hosmer and
Lemeshow Goodness-of-Fit had a P-value 0.2781, which showed that the model fit the data
well. Based on multivariable analysis, low pre-procedure hematocrit, biopsy site, and higher
BMI were associated with adverse events (P= 0.0001, P<0.0001, and P=0.0389
respectively) (Table 3). Post-procedure adverse events were more likely in patients with
lower pre-procedure hematocrit (Odds ratio (O.R.) 0.913 (95% confidence interval (Cl):
0.875-0.953). Twenty-three of 24 patients requiring transfusions had a pre-procedural
hematocrit <33%, and 18 had a hematocrit <30%. Adverse events were also more likely to
occur with thoracic sites compared to musculoskeletal sites and abdomen/pelvic sites (O.R.
4.650 (95% CI: 2.340-9.239), and 2.650 (95% CI: 1.488-4.719), respectively). Adverse
events were less likely to occur with head and neck sites compared to thoracic and abdomen/
pelvic sites (O.R. 0.071 (95% CI: 0.020-0.250), and 0.189 (95% CI: 0.055-0.653),
respectively). Lastly, post-procedural adverse events were more likely per unit (kg/m?)
increase of BMI. For example, an increase of BMI from 19 to 20 caused a patient’s odds of
having an adverse event to increase to 1.067 times (Cl: 1.023-1.114).

Diagnostic Accuracy

A definitive diagnosis was obtained after 1 biopsy attempt in 875 of 969 (90.3%) cases; a
second biopsy in 49 patients (50 biopsies) yielded an additional 45 diagnostic samples; 5
patients required third and fourth biopsies to obtain a diagnosis for an overall diagnostic
yield of 94.9% (Fig 1B). Of the 49 patients that had repeat biopsies, 39 (79.6%) had an
initial percutaneous needle biopsy. Of these 39 initial percutaneous needle biopsies requiring
repeat biopsies, 20 (51.2%) went on to open procedures of which only 2 were unsuccessful,
4 (10.2%) went on to minimally invasive biopsies all of which were successful, and the
remaining 15 (38.5%) had repeat percutaneous biopsies of which 4 were unsuccessful.
Eventually all 49 patients had a diagnostic result-14 had a final non-neoplastic diagnosis, 5
had benign neoplasms and 30 were malignant. The most common malignant diagnoses that
required repeat biopsies were Hodgkin lymphoma (3 new diagnoses, 3 relapses),
osteosarcoma (3 high grade and 3 low grade), and Ewing sarcoma (4 patients). Of 136
patients with Hodgkin’s lymphoma, 47 had initial biopsies for diagnosis. Of these 47, 20
(42.6%) were performed via an open or minimally-invasive approach, all of which yielded a
diagnostic result. In contrast, of the remaining 27 procedures that were performed
percutaneously, the diagnostic yield from these procedures was only 88.9% (24 of 27
procedures).

In 27 patients new information was obtained on the repeat biopsy that changed the final
diagnosis. Perioperative adverse events occurred in 3 (6%) of the 50 patients that had repeat
biopsies — 1 patient had post-procedural hematomas during initial and both repeat lung
biopsies, requiring an unplanned ICU admission on one episode; 1 patient had an initial
biopsy aborted due to technical difficulties; and 1 patient had pulmonary hemorrhage on an
initial biopsy not requiring chest tube insertion.

On univariate analysis, failing to obtain a diagnostic result from a biopsy was significantly
associated with mode of biopsy, use of radiographic image guidance, and extent of biopsy
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(P<0.0001), as well as biopsy site (P=0.0001) (Table 1). Whereas the diagnostic yield of
open and minimally-invasive procedures was 95.9%, the diagnostic yield of percutaneous
biopsies was 78.0%. Similarly, the diagnostic yield of excisional biopsies was 98.6% as
compared to incisional biopsies being 88.1%. On multivariable analysis, the final model was
constructed based on the stepwise selection of P=0.20. The model convergence criterion was
satisfied and Hosmer and Lemeshow Goodness-of-Fit had a P-value 0.6195, which showed
that the model fit the data well. Based on multivariable analysis, obtaining a diagnostic
result from a biopsy was independently associated with mode of biopsy (P<0.0001) and
biopsy site (P<0.0001) (Table 3). A diagnostic result was more likely with open biopsies
compared to percutaneous biopsies (O.R. 5.006 (95% CI: 1.388-18.053), and when the
biopsy site was thoracic compared to abdomen/pelvis (O.R. 2.551 (95% ClI: 1.309-4.969). A
non-diagnostic or inadequate biopsy result was more likely when the biopsy site was the
head and neck or abdomen/pelvis, compared to musculoskeletal sites (O.R. 0.410 (95% CI:
0.196-0.854) and 0.328 (95% CI: 0.181-0.594), respectively).

DISCUSSION

This large, single-institution, retrospective review demonstrates that tumor biopsy in the
pediatric population is associated with a low rate of adverse events, and a high rate of
diagnostic accuracy. Adverse events occurred in association with 7.7% of the procedures
that included 32 major adverse events and 11 deaths (4.2%). However, careful review
suggested the biopsy procedure may have contributed to the demise of only 2 patients and
24 of the major adverse events were due to the need for blood transfusion of >10cc/kg, with
most of these patients having anemia prior to the procedure and only 8 of whom had clearly
documented post-procedural blood loss. Although pre-procedural hematocrit was not
associated with transfusion, it was also not associated with any other individual adverse
events. These results suggest that the incidence of clinically significant, procedure-related
adverse events is probably <2%. In addition, in this review, we attempted to capture only the
most invasive procedures by excluding all endoscopic and skin or subcutaneous biopsies as
these biopsies were likely to be associated with an even lower rate of adverse events.

Multivariable analysis revealed that low pre-procedure hematocrit, higher BMI, and site of
biopsy (thoracic>musculoskeletal>head/neck) were significantly associated with adverse
events, with the risk of procedure-related complications being nearly 4 times higher when
biopsying a lesion in a thoracic site compared to a musculoskeletal site. However, a variable
confounding this result likely was the frequent use of post-procedure radiographic imaging
following pulmonary biopsies, which may have increased the detection of minor pulmonary
contusions and parenchymal bleeds that were generally of no clinical consequence.

The risks of adverse events of these procedures must be weighed in individual patients
against potential benefits gained both by the patient’s therapy and through research-related
analyses3’. Some of the adverse events we observed in ill, neutropenic patients illustrate the
importance of rational patient selection, particularly for research biopsies. Although we did
not find any correlation between adverse events and neutropenia, approximately 5% of
patients had an absolute neutrophil count of <1,000 x106/L (data not shown). When biopsies
are used to determine the use of experimental agents, a patient’s willingness to participate in
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multiple biopsies depends on their understanding of the scientific rationale and the potential
risks and benefits of the procedure and the test agent!9: 29. 31, 38 \While the emerging
consensus is that it is ethical to implement mandatory biopsies in clinical trials, concerns
remain over issues of patient autonomy, perceived benefit, and impact on protocol accrual,
despite informed consent29: 38. 39,

Consistent with our results, other published studies suggest that a definitive result can be
obtained at the initial biopsy attempt in up to 90% of cases of childhood solid tumors#0-44,
In addition, when a definitive result was not obtained initially, we found that a definitive
result could be obtained with additional biopsies, without a greater likelihood of
complications following repeat biopsies — potentially improving the diagnostic yield by
changing from core needle biopsy to an open or minimally-invasive excisional biopsy. This
is an important observation for institutions such as ours, that are often referred patients
following an initial biopsy performed at another institution where the tissue obtained was
not processed in a way that would permit full molecular genetic analysis, and so a repeat
biopsy might be considered.

Notably, the majority of cases that required repeat biopsies in our series had a percutaneous
biopsy initially, suggesting that percutaneous biopsies, despite usually being performed with
imaging guidance, had a poorer diagnostic accuracy as compared to open biopsies, likely
due to the smaller volume of tissue obtained. As nearly all percutaneous biopsies were
performed with image guidance, this was the likely reason use of image guidance was
associated with failure to obtain diagnostic tissue in univariate analysis3%-41:43-47_Thus the
benefits of using the generally least invasive, percutaneous approach to performing a biopsy
must be weighed against the possibility of obtaining a non-diagnostic sample and the risk
and delay with performing a second biopsy#0: 41,45,

Our study was limited by its retrospective nature. This study also does not address potential
long-term adverse events following open, surgical biopsies. It also does not consider
possible long-term oncologic adverse events such as local recurrence or tumor
dissemination, as a consequence of the biopsy. Biopsy procedures could have been
associated with potential tumor cell dissemination46-49. Sampling error is a key concern of
biopsies in childhood cancers, particularly solid tumors, due to their heterogeneity. We did
not evaluate diagnostic inaccuracy in relation to tumor heterogeneity, but this could be the
subject of future studies analyzing diagnostic discrepancies in serial tumor biopsies.

We believe that the safety and accuracy data from this study will assist in the pre-procedure
counseling of patients and families regarding the potential risks of biopsies. These data will
also help in developing research-directed tumor biopsy protocols, which may contribute to
the growing body of genomic and molecular marker data in targeted pediatric cancer
therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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(348 patients):
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[

[
1013 procedures (758 ‘

60 procedures (52
patients): without 30-
day follow-up

[ 1
12 procedures (11 48 procedures (41
patients): death within patients): discharge

patients): with 30-day
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30 days | within 30 days, excluded
1025 procedures [?ég y )
patients): 30-day follow-up or 47 non-malignant l_mailgrjar:E
death within 30-days diagnoses diagnosis
79 adverse events
(75 patients)
969 lesions
B
[ I 1
875 45 49 non-
diagnostic inadequate diagnostic
27 not | 18not
repeated —[ repeated

—18 repeated

*{31 repeated

49 repeated (50 biopsies)
1
T

‘ 3 inadequate H 2 non-diagnostic ‘

S repeated (6 biopsies)

1 diagnostic after 2
further biopsies
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43 from single biopsy ‘

4 1 from multiple sites (2 biopsies) |

4 diagnostic after
single biopsy

Fig 1.

Brgeakdown of 1025 biopsies analyzed for adverse events (A) and diagnostic accuracy (B).
* Excluded biopsies performed at the time of or as part of a larger operation, fine needle
aspirations, centeses, bone marrow aspiration and biopsies, brain biopsies, endoscopic
biopsies including gastrointestinal endoscopies beyond the oropharynx, bronchoscopies,
cystoscopies, any biopsy where the differential diagnosis did not include malignancy,
biopsies performed to assess for graft-versus-host disease, and all skin biopsies ** sought
treatment elsewhere.
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