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Abstract Background Transthoracic core needle biopsy (TTCNB) became a routinely offered
procedure in Tanzania in October 2018. This study evaluates the safety and effective-
ness of establishing a TTCNB program in a resource-limited setting.
Methodology A single center, prospective, observational cohort study was con-
ducted at Muhimbili National Hospital on 90 patients who underwent computed
tomography-guided TTCNB from October 2018 to May 2021. Patient and procedural
data, including demographic information, complications, pathology results, and
clinical outcomes, were stored in a Research Electronic Data Capture (REDCap)
database. Follow-up was conducted at 4 weeks postprocedure by phone. Descriptive
analysis was performed using Statistical Package for Social Sciences.
Results A total of 90 patients underwent TTCNB. Seven samples were lost or never
processed. In total, 68/83 (81.9%) of processed samples were diagnostic, with 89.7%
(n¼61) classified as malignant and 10.3% (n¼ 7) classified as benign. Overall, 82.4%
(n¼56) were classified as primary malignancies, 7.4% (n¼5) as metastatic malignan-
cies, 5.9% (n¼4) as benign tumors, and 4.4% (n¼3) as infectious. Reasons for
nondiagnostic samples were crashed/insufficient samples in 53.3% (n¼8) and non-
specific chronic inflammation in 46.7% (n¼ 7). Minor (Society of Interventional
Radiology [SIR] class A and B) complications occurred in 8 cases (8.9%), while there
was 1 (1.1%) major complication (SIR class F). A total of 44/90 (48.9%) patients could be
reached for follow-up at 4 weeks postprocedure. In addition, 31/44 (70.5%) of these
patients had a diagnosis of malignancy. Of these, 20 received chemotherapy, 8 died
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Introduction

The burden of cancer is rising in Africa. Between 2010 and
2030, the number of new cases and deaths from cancer is
expected to double in the continent.1 While accounting for
only 4.5% of new cancer cases worldwide, Africa made up
7.3% of cancer deaths globally, illustrating marked regional
inequities in outcomes.2 In 2012, there were 39,300 new
cases and 37,700 deaths from lung cancer reported in
Africa.3,4 Although the reasons behind poor cancer outcomes
in the continent are multifactorial, late-stage presentations
and inadequate diagnostics have contributed significantly.4

Further, the lack of access to proper diagnostics not only
worsens outcomes, but also serves as a barrier to proper
surveillance. As a result, improving diagnosis has been
identified as a critical and addressable way to reduce cancer
morbidity and mortality.3

Transthoracic core needle biopsy (TTCNB), a first-line
diagnostic tool in the diagnosis of benign and malignant
thoracic lesions, including primary bronchogenic carcino-
mas, lung metastases, thoracic sarcomas, and lymphomas,
was first formally offered in Tanzania in October 2018 fol-
lowing the launch of the nation’s first interventional radiol-
ogy (IR) service and training program at Muhimbili National
Hospital (MNH).5 With the introduction of this new diag-
nostic tool in Tanzania, there is substantial promise to
mitigate the nation’s increasing burden of disease from
thoracic cancers through improved diagnostic capabilities.
The purpose of this study is to evaluate the feasibility and
safety profile of TTCNB at MNH, providing a model for the
implementation and use of TTCNB in similarly resource-
limited settings globally.

Materials and Methods

A single center, prospective, observational cohort study
was conducted at MNH on 90 patients who underwent
TTCNB from October 2018 to May 2021. This study
received ethics approval by the hospital institutional
review board. MNH is a tertiary health facility that serves
as the national referral hospital for Tanzania. It is the
largest hospital in Tanzania with approximately 3,000
inpatient beds and serves as the main research and
training center for Muhimbili University of Health and
Allied Sciences.

During the study period, 21 teams from the U.S.-based
organization Road2IR, each including a fellowship-trained
interventional radiologist, travelled to Tanzania on 2-week
trips to train IR fellows at MNH. All TTCNBs were performed

by Tanzanian IR fellows under the supervision of visiting
faculty. At MNH there is not an existing protocol for the
diagnosis of lung lesions, and as a result the majority of
patients were referred to the IR service for biopsy by various
departments throughout the hospital either after inconclu-
sive pathology from fine-needle aspiration (FNA), the insti-
tute’s previous first-line diagnostic approach, or based on
clinical and/or radiological suspicion of thoracic malignancy.
Patients were selected for TTCNB based on clinical presenta-
tion, imaging (computed tomography [CT], magnetic reso-
nance imaging, ultrasound), and laboratory values. All
patients who underwent TTCNB at MNH during the study
period were included in this study.

Procedures were performed using CT-guidance and coaxial
technique. 20–18G needles were used to extract tissue sam-
ples. Tru-Cut, full-core biopsy, screw, and helical needle types
were all used during this study and were selected based on
availability, as well as size, location, and depth of the lesion.
Two to three tissuesampleswere takenduringeachprocedure.
Puncture-site bleeding was controlled by manual compres-
sion, and if unsuccessful with gelfoam, autologous blood clots,
and/or saline to seal the biopsy needle tract.

Following the procedure, patients who underwent CT-
guided TTCNB were immediately evaluated for complications
by thoracic CT. All patients were then transferred to the
recovery room for 1 to 2hours of clinical observation, pain
evaluation, and monitoring of vital signs. A chest radiograph
was obtained 1-hour postprocedure in all patients with sus-
pected pneumothoraces. If there was no evidence for pneu-
mothorax on chest radiograph and the patient was otherwise
asymptomatic, the patient was discharged to the ward (if
inpatient) or home (if outpatient). At discharge, patients
were provided instructions on postprocedural care, potential
late complications and their presenting symptoms, and when
and how to seek further care.6,7 Patientswere referred to their
primary physicians for follow-up on the results.

Demographics, procedural information, and outcomes
were recorded prospectively in a REDCap (Research Elec-
tronic Data Capture) database. Missing information was
obtained through manual chart review of the hospital’s
electronic medical record. Descriptive statistical analysis
was performed using Statistical Package for Social Sciences
(SPSS).

Results

A total of 90 patients were included in this study. The mean
age of study participantswas 51.9 years (range: 10months to

prior to receiving any treatment, 2 declined any further medical or surgical interven-
tion, and 1 was treated with surgical excision and adjuvant chemotherapy.
Conclusion Although recently introduced in Tanzania, TTCNB has been performed
with 81.9% diagnostic accuracy and a complication rate comparable to existing
literature.
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86 years). In total, 57.8% (n¼52) of study participants were
male and 42.2% (n¼38) were female. The vast majority
(92.2%) of referrals for TTCNB came from various depart-
ments within MNH: Surgery: 52.2% (n¼47); Internal Medi-
cine: 27.8% (n¼25); Oncology: 5.6% (n¼5), Pediatrics 3.3%
(n¼3); General Practitioner 2.2% (n¼2), and Nephrology
1.1% (n¼1), while 7.8% (n¼7) of referrals came from outside
hospitals. A total of 85 patients were referred for suspicion of
a thoracic malignancy and 5 for either suspicion of infection
and malignancy. In addition, 70% (n¼63) of biopsies were
performed on an outpatient basis, while 30% (n¼27) of
biopsies were performed on inpatient basis. Tissue biopsy
sites included: lung (n¼66), mediastinum (n¼20), pleura
(n¼2), and chest wall (n¼2). All procedures were done
under CT guidance. Of the 90 tissue samples extracted, 7
were lost or never processed andwere excluded from further
analysis. From the 83 samples that were processed, 81.9%
(n¼68) were diagnostic (►Fig. 1). Diagnostic samples were
malignant in 89.7% (n¼61) and benign in 10.3% (n¼7) of
cases. Among the nondiagnostic samples reasoning included
crashed/insufficient sample 53.3% (n¼8) and nonspecific
chronic inflammation 46.7% (n¼7) (►Fig. 2).

Malignant lesions were further classified as primary
bronchogenic carcinoma in 67.2% (n¼41), metastatic dis-
ease in 8.2% (n¼5), thymoma in 8.2% (n¼5), sarcoma in 6.6%
(n¼4), lymphoma 4.9% (n¼3), and unspecified carcinoma in
4.9% (n¼3). Benign lesions were further classified as tuber-
culosis in 42.9% (n¼3), lung neurofibroma in 28.6% (n¼2),
ganglioneuroma in 14.3% (n¼1), and sarcoidosis in 14.3%
(n¼1).

The time to obtain a pathology report varied from 1 day to
more than 30 days. The majority of results were available
between 1 to 2 weeks from the day of the procedure: 51.8%
(n¼43) (►Table 1).

Minor complications (Society of Interventional Radiology
[SIR] class A and B) occurred in eight cases (8.9%) while a

major complication occurred in one (1.1%).8 All minor com-
plications were pneumothoraces and were managed by air
aspiration during the procedure. The one observed major
complication (SIR class F) occurred 1hour postprocedure
from a hemopneumothorax that was unsuccessfully man-
aged with chest tube thoracostomy and oxygen administra-
tion through a non-rebreather mask, resulting in expiration
of the patient (►Table 1).

In total, 44/90 (48.9%) patients could be reached for
follow-up at 4 weeks postprocedure. And 31/44 (70.5%) of
these patients had a diagnosis of malignancy. Of these, 20
received chemotherapy, 8 died prior to receiving any treat-
ment, 2 declined any further medical or surgical interven-
tion, and 1 was treated with surgical excision and adjuvant
chemotherapy. Among patientswith benign tissue results, all
received appropriate medical treatment.

Discussion

Epidemiologic and clinical data on thoracic malignancies in
Tanzania are limited; however, GLOBOCAN 2020 estimates a
total of 829 new cases and 762 new deaths from lung cancer
in Tanzania annually.9,10 Tanzania lacks a national popula-
tion-based cancer registry and the overall dearth of proper
disease surveillance and screening in the country suggests
that these figures are likely deflated.11 The few existing
facility-based studies on thoracic malignancies in Tanzania
likewise do not provide a complete picture on the status of
thoracic malignancies in the country.12 It is evident that the
lack of diagnostic capability has made it impossible to even
begin to define the state of thoracic malignancy in Tanzania
and the region.

In Tanzania, the available tools for diagnosing lung
cancers are limited. At MNH, historically all thoracic lesions
were biopsied by FNA, surgical excision, or more recently
flexible bronchoscopy. In contrast, the use of TTCNB for

Fig. 1 CT-guided transthoracic core needle biopsy taken from a 53-year old male with confirmed small-cell lung carcinoma. CT, computed
tomography.
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diagnosing thoracic lesions is commonplace in high-income
countries due to its efficacy in classifying the histology and
molecular profile of thoracic lesions.13 Both TTCNB and FNA
have been shown to be effective diagnostic tools in deter-
mining whether thoracic lesions are benign versus malig-

nant.14 However, TTCNB is preferred due to its superior
ability in classifying benign lesions and cancer subtypes, as
well as its utility in biomarker analysis.13 With statistically
similar complication rates between FNA and TTCNB, which
include pneumothorax, pulmonary hemorrhage, and

Fig. 2 Patient flow and pathology results.

Table 1 Percentage distribution of post-TTCNB complications

Frequency Percentage

Performed procedure N¼ 90 %

Post TTCNB complications

Yes 9 10

No 81 90

Complication distribution after TTCNB

Pneumothorax 8 8.9

Death 1 1.1

SIR complication categories

Minor complication

SIR class A—no therapy, no consequence 6 6.7

SIR class B—nominal therapy, no consequence
including overnight admission for observation only

2 2.2

Major complication

SIR class F (death) 1 1.1

Abbreviations: SIR, Society of Interventional Radiology; TTCNB ,Transthoracic Core Needle biopsy.
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hemoptysis, the potential benefit of the introduction of
TTCNB to a health system is clear.14

This study demonstrated that TTCNB is a safe and effective
option for diagnosing thoracic lesions in Tanzania. While the
accuracy rate for determining benign versus malignant
lesions fell marginally below reported accuracy rates of
TTCNBs in outside literature (89.0–96.9%),14 it is a stark
improvement when compared with the estimated 65 to
85% accuracy rates of FNA without image guidance, previ-
ously the only available nonsurgical option for peripheral
lesion biopsies in the region. Due to the ability to process
tissue samples for both histologic and cytologic evaluation
with core needle biopsies, the availability of this optionwith
TTCNB further increases the potential for improving diag-
nostic yields of thoracic malignancies.15

Pneumothorax, the most common complication from CT-
guided TTCNB, is reported to occur in an average of 25.3% of
patients across studies (►Fig. 3), a far higher rate compared
with that observed in this study.16 Unfortunately, there was
one recorded fatality in this study caused by a hemothorax
in a patient with a suspected late-stage lung malignancy.
This adverse outcome highlights the importance of meticu-
lous preprocedural screening, as well as diligent postproce-
dural follow-up to timely manage any unforeseen
complications that may develop. It should be noted that
no other complications occurred aside from pneumothorax
and the single hemothorax. This is especially significant
when compared with the incidence of the second and third
most common complications: pulmonary hemorrhage and
hemoptysis, occurring on an average of 18.0 and 4.1%,
respectively.16 Aside from the one recorded SIR class F
complication (death), all other complications observed

were of SIR class A or B (minor complications) and were
adequately managed with no or nominal therapy.8 Overall,
the low complication rate is indicative of the safety profile
of TTCNB in Tanzania; however, it is evident that TTCNB has
inherent risks that should not be minimized.

There are several limitations to this study. Due to the
infancy of the IR program at MNH, few patients have under-
gone a TTCNB and as a result the sample size of this study is
small and continued data collection is needed both at MNH
and other centers offering TTCNB to better generalize these
findings. Further, this study was a prospective cohort study,
and a randomized controlled trial is needed to compare
TTCNB and FNA without image guidance in this setting.
Additionally, because of hospital-wide issues with the elec-
tronic medical record and a lack of established methods of
communication between patients and providers available at
MNH, reliable follow-up and systematic analysis of outcomes
were difficult to achieve. Due to equipment limitations in the
pathology department, molecular biomarkers and histologi-
cal subtypes were not assessed from the tissue samples. As a
result, the accuracy of biopsies was only analyzed based on
overall diagnosis of the lesion. Currently, lung cancers are
treated empirically at MNH with platinum-based regimens.
However, as more targeted therapy treatment options be-
come available in Tanzania, molecular biomarker and histo-
logical subtypes will become more relevant in this setting,
furthering the benefit of TTCNBs.

The loss to follow-up in this study was notably high. The
reason behind this is multifactorial, but is driven largely by
financial limitations that include: incomplete record keep-
ing, a lack of continuity in care, and a shortage of medical
providers. Particular focus should be placed on improving

Fig. 3 Pneumothorax managed with needle aspiration following a CT-guided transthoracic core needle biopsy in a 79-year old male with
a left lung mass and mild pleural effusion. Left: pre-needle aspiration (lung window); Middle: post-needle aspiration (lung window); Right: post-
needle aspiration (soft tissue window). CT, computed tomography.
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systems that ensure proper patient selection criteria for
TTCNB, timely awareness of diagnosis and its implications,
and a thorough cost–benefit analysis of available treatment
options. The overall poor outcome of patients enrolled in this
study highlights the complex interplay of factors contribut-
ing to the low survival rates of thoracic cancers in sub-
Saharan Africa, of which improved diagnostics solves only
one piece of the puzzle. Additional emphasis should be
placed on improving lung cancer screening as a whole.
Shifting the trend to diagnosing lung cancers at earlier stages
will greatly increase the potential impact that TTCNB may
have, broaden available treatment options for patients, and
ultimately reduce morbidity and mortality.

Conclusion

TTCNB has shown to be a both safe and effective method in
diagnosing thoracic lesions in Tanzania with an acceptable
diagnostic yield and rates of complications. Prior to the
introduction of the IR service at MNH in 2018, image-guided
biopsies were nonexistent in the country. Results from this
study illustrate the opportunity that TTCNB presents in
improving the diagnostics of thoracic lesions. As cancer rates
continue to rise in Africa, so too does the need for improved
diagnostic and treatment options available on the continent.
Results from this study serve as a promising proof-of-con-
cept for the widespread adoption of TTCNB and other inter-
ventional procedures in sub-Saharan Africa.
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