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of review lymphomas arising in head and neck region. Methods: Patients between 2003 and 2015 with lymphomas in head 

and neck region were retrospectively reviewed with pathology subtype, age, gender, location, and diagnostic procedure. 
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56.3% of all patients, followed by follicular lymphoma (6.0%) and NK/T-cell lymphoma (6.0%). Nearly 38.4% of patients 

manifested as enlarged cervical node while another 61.6% presented as extranodal lymphoma with tonsils (21.8%) the most 
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aspiration (2.2%). Conclusions: Lymphoma is frequently encountered in head and neck region. Early diagnosis was made 

possible by detailed examinations and adequate diagnostic procedure with consideration of both procedure sensitivity 

and risks.
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METHODS

Patients with malignancies arising in head and neck 

region, including malignancies in the oral cavity, oropharynx, 

nasopharynx (NP), hypopharynx, larynx, nasal cavity, paranasal 

sinuses, thyroid gland, salivary glands, and visceral cancers 

with neck metastasis were analyzed at the Department of 

Otolaryngology-Head and Neck Surgery of a tertiary referral 

hospital from January 2003 to March 2015. Patients with previous 

diagnosis of lymphoma were excluded from the study. Patients 

with head and neck lymphoma were retrospectively reviewed 

for age, gender, histopathology, anatomic location, presence of 

cervical lymph node involvement, and diagnostic procedures 
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as lymphomas that arise from neck lymph node. Extranodal 

ORIGINAL ARTICLE

INTRODUCTION

Lymphomas represent about 5% of malignancies1 and up 

to 15% of all head and neck malignancies.2 Lymphomas are 

divided into Hodgkin’s lymphoma (HL) and non-HL (NHL), 
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lymphomas. B-cell and T-cell lymphomas have several 

immunological subtypes which show geographic variation, 

suggesting its genetic and etiological heterogeneity.3 It can 

arise in lymph nodes or extranodal lymphoid tissue. The head 

and neck region is one of the most common sites of extranodal 

presentation, second after the gastrointestinal tract.4 It is 

necessary to tell lymphomas from other head and neck cancers 
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is to provide a comprehensive review of head and neck 

lymphomas.
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other than lymph nodes. Patients presenting both extranodal 

and nodal involvements were categorized as ExNL. For the 

diagnosis of lymphoma, open biopsy of neck mass, paranasal 

sinuses, excision of the submandibular gland, parotidectomy, and 

tonsillectomy were performed. Fine-needle aspiration (FNA) 

and core biopsy (CB) may be performed on patients with 

neck and/or parotid masses. Punch biopsies with nasal cutting 

forceps (3 mm, Nagashima, Japan) were performed on patients 

who presented with masses over the oral cavity, oropharynx, NP, 
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sections were treated by immunophenotyping of cell surface 

antigens as follows: CD3, CD4, CD5, CD8, CD10, CD15, CD20, 

CD21, CD23, CD30, CD45RO, CD56, CD68, CD79a, kappa 

and lambda light chain, CyclinD1, Bcl-2, Bcl-6, Ki-67, EMA, 

AE1/AE3, LMP-1, ALK, MPO, and TdT. In situ hybridization to 

detect the Epstein–Barr virus-encoding RNA in neoplastic cells 

and molecular diagnostic examinations for monoclonality were 

performed when needed. Histopathological examinations of 

these tissue sections were reviewed by two pathologists from the 
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malignancies was made according to the World Health 
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and Lymphoid Tissues (4th Edition, 2008). All abbreviations of 

lymphoma subtypes in this paper are listed in Table 1. This study 

was approved by the Institutional Review Board (2-104-05-079).

RESULTS

General data
Total of 1,702 patients had malignancies in head and neck 

region, among them, 151 (8.9%) patients were diagnosed as 

lymphomas and enrolled in our study. There were 86 male and 

65 female (M/F = 1.3:1) with mean age of 60.3 years (range 

13–98). Nearly 60% of the patients were diagnosed between 

the ages of 50 and 80 years. It shows bimodal age distribution 

with larger peak incidence (21.9%) in the age group of 

60–70 years and smaller peak incidence in the age group 

of 20–30 years [Figure 1]. The mean age was younger for 

HL (38.8 years) compared with NHL (62.3 years). Over half 

of the patients (7/13, 53.8%) of HL were diagnosed at the age 

of 20–30 years with higher M/F ratio (2.3:1).

Of the 151 patients of head and neck lymphomas, 

112 (74.2%) patients were B-cell lymphoma, followed by 

26 (17.2%) patients of T-cell lymphoma, and 13 (8.6%) 

patients of HL [Figure� ������� �
� ���� ��"�
���!� ������� ������

B-cell lymphoma (DLBCL) accounted for 56.3% of all 

cases, followed by follicular lymphoma (FL) (6.0%), 

NK/T-cell lymphoma (NKTCL) (6.0%), peripheral 

T-cell lymphoma (PTCL) (5.3%), mixed cellularity 

HL (MC-HL) (5.3%), and nodular sclerosis 

HL (NS-HL) (3.3%). Six patients diagnosed with B-cell 
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Nodal lymphomas
The 151 lymphoma patients were consisted of 58 patients 

(38.4%) of NL and another 93 patients (61.6%) of ExNL. Among 

the 58 NL patients, 34 (58.6%) were B-cell lymphoma, followed 

by 13 HL (22.4%), and 11 T-cell lymphoma (19.0%). As to the 

subtypes [Figure 3], DLBCL accounted for 41.4% of all NL, 

followed by MC-HL (13.8%), NS-HL (8.6%).

Extranodal lymphomas
Among the 93 ExNL patients, 84% were B-cell lymphoma, 

with remaining 16% being T-cell lymphoma. It is noted that no 

HL exists extranodally in our study. The distribution of ExNL 

subtypes was shown in Figure 4. DLBCL accounted for 65.6% 

of all ExNL, followed by NKTCL (9.7%) and FL (6.5%).

In ExNL, the primary sites include tonsils, tongue base, NP, 

soft palate, paranasal sinuses, nasal cavity, oral cavity, parotid, 

and submandibular gland. Tonsils were the most commonly 
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tongue base (12.9%), NP (12.9%), and nasal cavity (10.8%). 

The detailed anatomic distribution of ExNL in head and neck 

region was shown in Figure 5. As a whole, Waldeyer’s ring is 
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Histopathological results according to each 
anatomical site in extranodal lymphoma

Tables 2 and 3 show anatomic sites and histopathological 

subtypes of ExNL in head and neck region. DLBCL is the 

Table 1: Abbreviations of subtypes of lymphoma

Abbreviation Explanation

AITL Angioimmunoblastic lymphoma

ALCL Anaplastic large cell lymphoma

Burkitt Burkitt lymphoma

DLBCL ���������������������
���
��

FL Follicular lymphoma

MALT Extranodal marginal zone lymphoma 

of mucosa-associated lymphoid tissue

MCL Mantle cell lymphoma

NKTCL NK/T-cell lymphoma

PTCL Peripheral T-cell lymphoma

Other BCL Other B-cell lymphoma

Other TCL Other T-cell lymphoma
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major histopathological subtype in most involved sites, except 

nasal cavity and soft palate. The nasal cavity was exceptional 

in histopathological distribution which consisted of 70% of 

NKTCL and 30% of DLBCL. All NKTCL were extranodal, 

with majority in the nasal cavity (7/9, 77.8%).

Cases manifested both nodal and extranodal 
involvement

There were 66 patients with both nodal and extranodal 

involvement and accounted for 43.7% of all 151 lymphoma 

patients. Table 4 illustrates the incidence of both nodal and 

extranodal presentation in ExNLs of head and neck region. 

NP had the highest incidence (91.7%), followed by the parotid 

gland (88.2%), tonsils (81.8%), and tongue base (58.3%).

Diagnostic procedures for lymphoma in head and 
neck region

^
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procedures/techniques: FNA and CB of the neck or parotid mass; 

punch biopsy over lesion in the oral cavity, oropharynx, NP, 

nasal cavity; open surgeries - including tonsillectomy, excision 

of neck mass or submandibular gland, and parotidectomy. 

In the diagnosis of 151 head and neck lymphoma, FNA 

was performed totally 45 times, CB 51 times, punch biopsy 

75 times, and open surgery 71 times. Figure 6 illustrates the 
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of open surgeries - two were negative, one was suspected 

malignancy/lymphoma, and sixty-eight were positive for 

lymphoma; the sensitivity is 95.8%. For 75 times of punch 

biopsies, the number of negative, suspected malignancy/

lymphoma, and positive were 15, 4, and 56, respectively; 

the sensitivity was 74.7%. For 51 times CB procedures, the 

number of negative, atypia, suspected malignancy/lymphoma, 

and positive were 9, 14, 2, and 26, respectively; the sensitivity 

Figure 1: Bimodal age distribution of lymphoma patients in head and neck 

region

Figure 2: Histopathological distribution of lymphomas in head and neck 

region (n = 151)

Figure 3: Histopathological distribution of nodal lymphomas in head and 

neck region (n = 58)

Figure 4: Histopathological distribution of extranodal lymphomas in head 

and neck region (n = 93)
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is 51.0%. For 45 times of FNA, the number of negative, atypia, 

suspected malignancy/lymphoma, and positive were 15, 19, 

10, and 1, respectively; the sensitivity is 2.2% only. Open 

surgeries have the highest sensitivity or true positive rate of 

95.8%, followed by punch biopsy (74.7%), CB (51.0%), and 

FNA (2.2%). The sensitivity of each diagnostic procedure is 

���������
�������	��+�Q���! P < 0.00001).

For 58 NL, 39 patients were diagnosed by excision 

of the neck node and 19 patients by CB. For 93 ExNL, 

56 patients were diagnosed by punch biopsy, 29 patients 

by open surgery, 7 patients by CB of cervical lymph node, 

and 1 patient by FNA of parotid tumor. The procedures for 
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biopsies were widely performed on extranodal sites except 

parotid and submandibular gland. Tonsil lymphomas were 

either diagnosed by punch biopsy (60.6%) or by standard 

tonsillectomy (27.3%). For the salivary gland, most patients 

received open surgery included parotidectomy or excision of 

submandibular gland under the initial impression of primary 

salivary gland neoplasm. Among 66 patients with both nodal 

and extranodal involvement, seven of them had diagnosed 

by CB of cervical lymph node and another ten patients 
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DISCUSSION

Lymphomas represent 5%–15% of all malignant neoplasms 

in head and neck region.2,5,6 The incidence in our study was 

8.9%. It is well known that the incidence of lymphoma has been 

increasing in recent years. Possible causes include increasing 

elderly population, more prevalent organ transplantation, and 

improved AIDS survival rate.7 Our study showed male patients 

Table 2: Anatomic sites-oriented extranodal lymphomas of 

head and neck region (n=93)

Site Histopathology Percentage

Tonsil (n=33; 35.5%) DLBCL (n=26) 78.8

FL (n=2) 6.1

MCL (n=1) 3.0

NKTCL (n=1) 3.0

Burkitt (n=1) 3.0

ALCL (n=1) 3.0

Other BCL (n=1) 3.0

Parotid gland (n=17; 18.3%) DLBCL (n=11) 64.7

PTCL (n=3) 17.6

FL (n=2) 11.8

Other BCL (n=1) 5.9

Tongue base (n=12; 12.9%) DLBCL (n=11) 91.7

FL (n=1) 8.3

Nasopharynx (n=12; 12.9%) DLBCL (n=5) 41.7

MALT (n=3) 25.0

FL (n=1) 8.3

AITL (n=1) 8.3

NKTCL (n=1) 8.3

Other BCL 8.3

Nasal cavity (n=10; 10.8%) NKTCL (n=7) 70.0

DLBCL (n=3) 30.0

Oral cavity (n=3; 3.2%) DLBCL (n=2) 66.7

MALT (n=1) 33.3

Soft palate (n=2; 2.2%) MCL (n=1) 50.0

Other TCL (n=1) 50.0

Paranasal sinuses (n=2; 2.2%) DLBCL (n=2) 100.0

Submandibular gland (n=2; 2.2%) DLBCL (n=1) 50.0

MALT (n=1) 50.0

Table 3: Histopathology-oriented of extranodal lymphomas 

of head and neck region (n=93)

Histopathology Site Percentage

DLBCL (n=61) Tonsil (n=26) 42.6

Tongue base (n=11) 18.0

Parotid gland (n=11) 18.0

Nasopharynx (n=5) 8.2

Nasal cavity (n=3) 4.9

Paranasal sinuses (n=2) 3.3

Oral cavity (n=2) 3.3

Submandibular gland (n=1) 1.6

FL (n=6) Tonsil (n=2) 33.3

Parotid gland (n=2) 33.3

Tongue base (n=1) 16.7

Nasopharynx (n=1) 16.7

MALT (n=5) Nasopharynx (n=3) 60.0

Oral cavity (n=1) 20.0

Submandibular gland (n=1) 20.0

MCL (n=2) Tonsil (n=1) 50.0

Soft palate (n=1) 50.0

Burkitt (n=1) Tonsil (n=1) 100.0

PTCL (n=3) Parotid gland (n=3) 100.0

NKTCL (n=9) Nasal cavity (n=7) 77.8

Nasopharynx (n=1) 11.1

Tonsil (n=1) 11.1

AITL (n=1) Nasopharynx (n=1) 100.0

ALCL (n=1) Tonsil (n=1) 100.0
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were slightly more predominant, with male to female ratio of 

1.3:1 in all lymphoma patients and even higher ratio of 2.3:1 in 

HL, which is compatible with previous literature.1,2

HL comprises approximately 11% of lymphoma in the 

US,6 13% in China,8 and 5% in Japan,3,9 while we reported 

incidence of 8.6%. Nakatsuka and Aozasa10 have previously 

highlighted that bimodal age distribution in HL resulting from 

MC-HL occurring in the elderly and NS-HL occurring in 

younger age groups. Similarly, all patients aged above 70 years 

with HL were MC-HL patients in our study. HL rarely presents 

as an extranodal disease2,4,11 and the ExNL were exclusively 

made up of NHL in our study. On the other hand, 67.4% (93 

of 138 cases) of NHL manifested extranodal involvement in 

our study, which is similar to the previous study in Japan,2 

but higher than most reports from Western countries.12,13 Yang 

et al.8 reported that the incidence of extranodal NHL varies 

geographically, with higher incidence in Asia3.  It might 

because of higher incidence of NKTCL in Asian patients, 

which mainly presents as an extranodal disease.14

The mean age of B-cell and T-cell lymphoma patients was 

63.7 and 56.6 years, respectively. The trend shows higher 

prevalence of T-cell lymphoma in younger people is similar 

to another study in Taiwan.4 The ratio of B-cell to T-cell 

lymphoma has been reported to be 2.6–3.9 in all lymphomas3,9,15 

and 4.1–7.4 in lymphomas of head and neck region.2,11,16 B-cell 

to T-cell ratio is even higher in ExNL in head and neck region, 

which has been reported as up to 7.6 in previous literature.2,17 

In our study, the ratio of B-cell to T-cell lymphoma of all cases 

enrolled and ExNL were 4.3 and 5.2, respectively.

In our study of ExNL in head and neck region, DLBCL was 

the most common type, followed by NKTCL and FL. This result 

agreed with previous studies2,3,18 and seemed universal. T-cell 
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NKTCL was the most common type of T-cell lymphoma and 

occurred exclusively as extranodal disease (9.7% of ExNL), 

followed by PTCL. This result was compatible with other similar 

studies from China and Taiwan.4,20 A study on head and neck 

lymphoma in Japan showed higher rate of PTCL than NKTCL,2 

which is in accordance with previous data reporting that NKTCL 

is more frequent in other Asian countries but Japan.19

The Waldeyer’s ring comprises of network of lymphoid 

tissue over the palatine tonsils, NP, tongue base, and soft palate. 

It is the most common site of ExNL in head and neck region and 

Figure 5: Anatomic distribution of extranodal lymphoma in head and neck 

region (n = 93). Waldeyer’s ring includes tonsils, tongue base, soft palate, and 

nasopharynx. Salivary gland includes parotid gland and submandibular gland Figure 6: Histopathologic results of diagnostic procedures in lymphoma of 
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included free of malignancy, inadequate sampling and non-diagnostic results. 

Open surgery include tonsillectomy, excision of neck mass, submandibular 

gland, parotidectomy

Table 4: Incidence of both nodal and extranodal presentation 

in extranodal lymphoma of head and neck region

Anatomic 

site-oriented (n=93)

Patient (%) Histopathology-oriented 

(n=89*)

Patient (%)

Tonsil 27/33 (81.8) DLBCL 44/61 (72.1)

Tongue base 7/12 (58.3) FL 6/6 (100.0)

Nasopharynx 11/12 (91.7) MALT 2/5 (40.0)

Soft palate 1/2 (50.0) MCL 1/2 (50.0)

Paranasal sinuses 1/2 (50.0) Burkitt 1/1 (100.0)

Nasal cavity 3/10 (30.0) PTCL 3/3 (100.0)

Oral cavity 0/3 (0) NKTCL 3/9 (33.3)

Parotid gland 15/17 (88.2) AITL 1/1 (100.0)

Submandibular gland 1/2 (50.0) ALCL 1/1 (100.0)

All abbreviations of lymphoma subtypes in this paper are listed in Table 1. 

*3 cases categorized as other B-cell lymphoma and 1 case categorized as 

other T-cell lymphoma had both nodal and extranodal involvement are listed 

on the anatomic site-oriented analysis but not in the histopathology-oriented 

analysis)
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accounts for 32%–74% of ExNL.2,4,12,17,18,21 Our study found 

Waldeyer’s ring made up 63.5% of ExNL cases in head and 

neck region, with tonsils being the most commonly involved 

tissue. DLBCL was the most common histopathological type 

found in Waldeyer’s ring, which constituted about 50%–60% 

of all ExNL in Waldeyer’s ring.2,11,12,18,20,22 The incidence of 

DLBCL was even higher in the tongue base, estimated to be 

91.7%, as shown in Table����Q������������	��������"���
	�
��

histopathological types compared to other sites of Waldeyer’s 

ring, with lower incidence of DLBCL, but higher NKTCL and 

Mucosa-Associated Lymphoid Tissue (MALT).22

The second most common site of ExNL after tonsils was 

the parotid gland (18.3%), which is in agreement in previous 

literatures.12,18,20 Together with submandibular gland, major 

salivary gland accounted for 20.4% of ExNL in head and 

neck region. Histopathologically, major salivary gland 

lymphoma was mainly composed of MALT, FL, DLBCL, 

and PTCL.2,11,18,20 MALT typically arises in the parenchyma, 

which is believed to be associated with Sjogren’s syndrome, 

whereas FL often arises in the intraparotid lymph node. In our 

study, DLBCL was comprised 63.2% of salivary lymphoma, 

which is higher than in previous literature suggested (13.3 and 

30.8%).18,20 FL, MALT, and PTCL constituted 10.5%, 15.8%, 

and 5.3%, respectively. A study on MALT of head and neck 

region collected 36 cases and found 20 cases occurred in the 

ocular adnexa and 14 in parotid gland.23 However, we found no 

MALT in parotid gland and only 1 of 5 MALT cases occurred 

in the submandibular gland.

Lymphomas of the nasal cavity constituted 10.8% of ExNL 

in our study. The incidence ratio of nasal cavity ExNL was 

reported to be 28.4% in China, 10.6% in Japan, and very 

rare in Western countries.2,12,18,20 These nasal lymphomas 

are predominantly NKTCL.11 In our study, NKTCL was 

composed of 70% nasal cavity ExNL, with the remaining 

30% being DLBCL. Wang et al.20 reported 29 cases of nasal 

cavity ExNL showed similar results of 65.6% of NKTCL and 

20.7% of DLBCL. Lymphoma is the second most common 

malignancy of paranasal sinuses. DLBCL is the most common 

type 24 [Table 2]. In the US, the oral cavity constitutes 2% 
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Histopathologically, oral cavity lymphoma is mainly 

comprised of DLBCL, followed by FL and MALT.11 We found 

three cases (3.2%) of oral cavity ExNL (palate, buccae, and 

tongue). Two were DLBCL and one was MALT.
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patients with both nodal and extranodal involvement. Krol 

et al.25���
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include disseminated diseases, as long as the extranodal site 

is clinically dominant. Since our study focused on initial 
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presenting an extranodal disease with or without lymph 

node involvement. Therefore, ExNL patients may receive 

diagnostic procedures over either extranodal sites or cervical 

lymph nodes. We presented the incidence of both nodal and 

extranodal involvement in ExNL of head and neck region by 

primary extranodal site and histopathological types [Table 4]. 

In histopathology-orientated analysis, NKTCL showed the 

lowest incidence (33.3%, 3/9) of both nodal and extranodal 

involvement while FL the highest (100%, 6/6). Yang et al.8 

showed similar results with NKTCL the lowest nodal to 

extranodal ratio and FL the highest. In anatomic site-oriented 

analysis, NP had the highest incidence (91.7%) of both 

extranodal and nodal involvement, followed by the parotid 

gland (88.2%) and tonsils (81.8%).

The excisional biopsy of lymph nodes is traditionally 

considered the standard diagnostic procedure for NL. With 

advanced biopsy devices, radiologically guided techniques, 
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advocate for less invasive techniques with considerable 

diagnostic value.26-28 Hay et al.28 reported FNA cytology 
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can reach sensitivity and positive predictive value of more 

than 95%. However, FNA often results in inadequate 

tissue sampling and is unable to provide microscopic 

architecture. Consequently, many authors suggest that 

ultrasound-guided CB may be superior to FNA and may 

replace open biopsy.26,29-31 Regarding the diagnosis of all 

151 lymphoma patients, we performed punch biopsy, CB, 

Table 5: Diagnostic proceduresfor extranodal lymphoma in 

head and neck region

Punch biopsy FNA Core biopsy Open surgery†

Tonsil 20 2*

Tongue base 12

Nasopharynx 8 2* 2*

Soft palate 2

Paranasal sinuses 1 1

Nasal cavity 10

Oral cavity 3

Parotid gland 1 3* 13(7+6*)

Submandibular gland 2

Total (patients) 56 1 7 29

FNA=Fine needle aspiration. *Diagnosis made by cervical lymph node 

biopsy. †Open surgery include excisional biopsy of neck mass, submandibular 

gland, parotidectomy and tonsillectomy, described as follows: Tonsil: 

9 cases of tonsillectomies and 2 of excisional biopsy of neck masses; 

Nasopharynx: 2 cases of excisional biopsy of neck masses;  Paranasal sinus: 

one case of lateral rhinotomy; Parotid gland: 7 cases of parotidectomy and 6 

of excisional biopsy of neck mass; Submandibular gland: 2 cases of excision 

of submandibular gland
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FNA, and open surgery. As expected, open surgery has the 

highest sensitivity or true positive rate of 95.8%, followed 

by punch biopsy (74.7%), CB (51.0%), and FNA (2.2%). 

In FNA procedure, one-third of results were negative for 

lymphoma, the false-negative rate too high to accept as a 

reliable diagnostic procedure for lymphoma. In 58 cases 

of NL, 39 cases (67.2%) were diagnosed by excisional 

biopsy of the neck node and 19 cases (32.8%) by CB. Burke 

et al.27 compared surgical biopsy, CB, and FNA of the neck 

mass, revealing similar results with no case diagnosed by 

FNA. Thus, despite advantages in diagnosing head and 

neck carcinoma with metastatic lymphadenopathy,32,33 FNA 

was suboptimal for diagnosing lymphoma. We suggest CB 
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surgery. In our experience in ExNL diagnosis, punch biopsy 

is useful for lump lesions located at tonsils, tongue base, NP, 

soft palate, nasal, and oral cavity. For ExNL of the major 

salivary glands, most patients received open surgeries such 

as parotidectomy or excision of submandibular gland. The 

major complications of CB on parotid gland are facial nerve 

injury and possible tumor seeding, though facial nerve palsy 

after CB on the parotid gland is rarely reported in previous 

literature.34-36 Since 88.2% of ExNLs of parotid gland also 

involved neck lymph nodes, we can choose excisional biopsy 

of neck lymph node to abate possible facial nerve injury.

The procedure-related complications also need to be taken 

into consideration. For example, for patient presented with neck 
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can provide has high diagnostic rate and minimized the risks 

of neck open surgery as well. By contrast, we had experienced 

an elderly female patient presented with tonsil mass and an 

ipsilateral enlarged neck node over left side level IV region 

which suspected to be lymphoma on MRI. We performed 
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However, chylorrhea developed and thus the chemotherapy 

was delayed for weeks until the wound healed. Therefore, 

the sensitivity and the risks of diagnostic procedure, which 
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head and neck lymphomas, though we still believed that the 

diagnostic procedure should be evaluated on an individualized 

patient and institution basis.

CONCLUSIONS

Our study demonstrated a comprehensive picture of 

lymphomas in head and neck region that frequently encountered 

in general clinical practice. Early diagnosis was made possible 

by detailed examinations and adequate diagnostic procedure 

with consideration of both procedure sensitivity and risks.
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