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• We evaluated routine immunohisto-
chemistry as part of the ultrastaging
protocol for sentinel lymph nodes in
cervical cancer.

• Immunohistochemistry increases de-
tection of low volume disease in senti-
nel lymph nodes.

• Immunohistochemistry impacts thera-
peutic strategy-decisions in 1.4% of
early-stage cervical cancer patients.

• The added clinical value of routine
immunohistochemistry comes at high
associated costs.

• Selective use of immunohistochemistry
based on risk factors should be
considered.
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Objective. In cervical cancer, sentinel lymph nodes (SLNs) are processed according to the pathological
ultrastaging protocol. According to current guidelines, immunohistochemistry with pancytokeratin antibodies
is performed in addition to step sectioning with hematoxylin and eosin (H&E), aiding the detection of low vol-
ume disease (micrometastasis and isolated tumor cells (ITC)). We studied the added clinical value, and costs,
of routine immunohistochemistry (IHC).

Methods.We retrospectively included all FIGO stage IA-IIA1 cervical cancer patients who had undergone SLN
procedures atUMCUtrecht from2008 to 2020. Pathological datawere derived from theDutch PathologyRegistry
(PALGA) including SLN tumor status and number of slides stained with IHC.

Results. In total 234 cervical cancer patients were included. In the 516 surgically resected SLN specimens, 630
SLNswere discovered by the pathologist. Hereof, 579 SLNs from 211 patients were routinely processedwith IHC.
IHC identified three patients with micrometastasis and five patients with ITC undetected with H&E staining.
Thereby, IHC significantly increased the number of patients with low volume disease from 11 (5.3%) to 19 pa-
tients (9.1%) (p = 0.04). To achieve this, 3791 slides were stained with IHC at an estimated additional cost of
€94,775. In 1.4% (95% CI 0.3%–4.3%) of patients routine use of IHC adjusted the adjuvant treatment.

Conclusions.Routine use of IHC increases detection of low volumedisease in cervical cancer SLNs compared to
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step sectioningwith H&E alone by nearly 4%, with an impact on therapeutic strategy-decisions in about 1% of pa-
tients. In view of the high associated costs, cost-effectiveness of routine IHC is questionable.

© 2022 The Author(s). Published by Elsevier Inc. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
1. Introduction

Lymph node involvement is the strongest prognostic factor for sur-
vival in cervical cancer and impacts therapeutic strategy for patients
[1]. To assess nodal stage accurately and efficiently, the sentinel lymph
node (SLN) procedure in cervical cancer has emerged [2,3]. This proce-
dure maps lymphatic drainage from the primary tumor by injecting a
tracer in the cervix. With this tracer, the surgeon is able to identify the
first lymph node to receive efferent lymphatic drainage: the SLN. The
disease status of SLNs is thought to reflect the disease status in other,
non-SLNs [4].

Pathologists use an ultrastaging protocol to reliably assess the dis-
ease status of SLNs. This protocol consists of step sectioning at multiple
levels and immunohistochemical staining with pancytokeratin anti-
bodies, in addition to hematoxylin and eosin (H&E) staining.
Ultrastaging increases the probability offinding lowvolumedisease, de-
fined as either micrometastasis (greatest diameter between 0.2 and 2
mm) or isolated tumor cells (<0.2 mm in greatest diameter), which
are easily missed with standard sectioning of (S)LNs [5,6]. Evidence on
the impact of low volume disease on survival of patients is limited and
controversial, due to the low incidence of both low volume disease in
SLNs and recurrence [3,7,8]. To date, clinical evidence indicates that
the presence of isolated tumor cells (ITC) in SLNs is not prognostically
associated with reduced survival [1,7,9,10]. Therefore, finding ITC does
not necessarily impact therapeutic strategy whereas finding microme-
tastases does and usually adjuvant chemoradiation will be given [11].

Current guidelines advise routine use of immunohistochemistry
(IHC)when ultrastaging SLNs from cervical cancer patients [11]. Immu-
nohistochemistry facilitates detection of micrometastasis and ITC by
demonstrating tumor specific proteins, even when these tumor cells
are not seen on examination ofmultiple step sections [3,5,12]. However,
the added clinical value of IHC – in terms of finding low volume disease
that adjusts therapeutic strategy – remains uncertain, while its routine
use is time-consuming and costly.

With this study, we aim to evaluate the added value of IHC in terms
of detection of low volume disease in cervical cancer in relation to its
costs and clinical impact. Clinical impact was defined as detecting low
volume disease affecting therapeutic strategy.

2. Materials and methods

2.1. Patient selection

A retrospective observational cohort analysis of all cervical cancer
patients who had undergone a robot-assisted SLN procedure between
January 2008 and December 2020was performed. Consecutive patients
with a histopathologically proven primary invasive tumor of the cervix,
staged as IA1-IB2 or IIA1 (for the retrospective nature of this study de-
termined according to the2009 FIGO staging guidelines [13]), and an in-
dication for surgical treatment including a SLN procedure, were
included in the analysis. Patientswere excludedwhen treatedwith neo-
adjuvant chemotherapy. All procedures were part of standard clinical
care, for which informed consent was routinely obtained. This study
was approved by the institutional review board.

2.2. Sentinel lymph node procedure

A surgical team consisting of three gynecological oncologists per-
formed all surgical procedures with the da Vinci Surgical System
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(Intuitive Surgical, Sunnyvale, CA, USA, type S until 2010, Si until
2018, and X or Xi since 2018).

SLNs were detected by a combined technique of a radioactive tracer
technetium-99m nanocolloid (99mTc) and patent blue dye injected into
the cervical stroma at four quadrants. An SLN was defined as the first
lymphnode(s) of each pelvic side to drain the lymphatic fluid of the pri-
mary tumor, identified intraoperatively with either a gamma counter
(set to the 140 keV energy peak of 99mTc) or blue color, and preferably
both. During surgery, SLNs were sent for frozen section examination.
A complete pelvic lymph node dissection was performed after each
SLN procedure. If the tumor status of SLNs was found to be negative at
frozen section, radical uterine surgery was performed. If the tumor sta-
tus of SLNs was found to be positive at frozen section, the intended rad-
ical uterine surgery was abandoned and chemoradiation was given
instead, according to international guidelines [11]. In some cases with
small tumors and on individualized basis, shared decision between sur-
geon and patient was made to omit additional pelvic lymph node dis-
section. Surgery was divided into two separate sessions in patients
with fertility-sparing surgery and a >10% perceived risk of lymph
node metastases; first, a pelvic lymph node dissection including SLN
procedure without frozen section and, second, a radical vaginal trache-
lectomy in case of negative lymph nodes. Details on imaging protocols
and surgical techniques have been previously described [14,15].
2.3. Pathological review

A pathologist specialized in gynecological cancer reviewed all SLNs.
Lymph nodes were dissected and counted. Additional smaller nodes
found bymicroscopy were added to the nodal count, distinguishing be-
tween the numbers of surgically and pathologically defined SLNs. Two
or more smaller SLNs were sometimes paraffin-embedded in a single
cassette, at discretion of the pathologist. In those cases, the tumor status
of the cassette was reported as one outcome and not reported sepa-
rately for each (small) SLN.

For intraoperative frozen section examination, the SLNswere halved
along the long axis and examined at two levels 200 μm apart. On each
level two consecutive slides were obtained. The first slide was stained
with hematoxylin and eosin (H&E). The other slide was used for IHC if
the H&E slide was negative. If the SLN was larger than 10 mm in diam-
eter, it was sliced along the long axis and embedded into two or more
cassettes. If the H&E stained slides obtained by frozen section examina-
tion appeared to be negative, the rest of the SLN tissue was processed
according to the pathologic ultrastaging protocol (step sectioning with
IHC). First, the SLNs were sectioned perpendicular to the long axis at
200 μm intervals. The number of levels was unlimited and whole SLNs
were cut out until no tissue was left. Two consecutive slides were ob-
tained on each level. The first slide on each level was stained with
H&E. Routinely, the second slide (on the same level) was stained with
IHC with pancytokeratin antibodies (AE1/AE3 for squamous cell carci-
nomas and CAM5.2 for adenocarcinomas). From July 2019 the institu-
tional ultrastaging protocol in cervical cancer was changed. Routine
IHC of frozen sections was discontinued and step sectioning of the
SLNs and IHC was limited to a maximum of five levels. The pathologist
(GJ) retrospectively re-evaluated the pathological slides of the cases
with positive SLNs to confirm the reported tumor status of the slides
stained with IHC and corresponding H&E stained slides.

Pelvic non-sentinel lymph nodes (non-SLNs) were processed by sin-
gle section and examined with standard H&E staining.

http://creativecommons.org/licenses/by/4.0/
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Table 1
Baseline characteristics of cervical cancer cohort undergoing sentinel lymph node biopsy.

Patients (n = 234)

Age (years), median (range) 39 (23–81)
BMI (kg/m2), median (range) 23.7 (17.3–41.8)
Clinical FIGO stage (2009), n (%)
IA1 9 (3.8)
IA2 8 (3.4)
IB1 210 (89.7)
IIA 7 (3.0)

Histology, n (%)
Squamous cell carcinoma 159 (67.9)
Adenocarcinoma 60 (25.6)
Other (adenosquamous, clear cell, villoglandular) 15 (6.4)

Grade, n (%)
I 48 (20.5)
II 112 (47.9)
III 69 (29.5)
Not reported 5 (2.1)

Lymph vascular space invasion, n (%) 106 (45.3)
Additional pelvic lymph node dissection performed, n (%) 219 (93.6)
Number of SLNs detected intraoperatively, median (range) 2 (1–5)
Node-positive patients at primary treatment 33 (14.1)
Adjuvant treatment received, n (%) 57 (24.4)
Radiotherapy 26 (11.1)
Chemoradiation 31 (13.2)

Percentages may not total 100 because of rounding. BMI, body mass index. FIGO, Interna-
tional Federation of Gynecology and Obstetrics; SLN, sentinel lymph node.

Table 2
Pathological features of sentinel lymph node procedure in cervical cancer patients.

Patients (n = 234)

Total number of SLNs analyzed 630
SLNs discovered by pathology, median (range) 2 (1–9)
Frozen section examination performed, n (%) 194 (82.9)
Frozen section with IHC 148 (63.2)

IHC ordered in final pathology, n (%) 211 (90.2)

SLN, sentinel lymph node; IHC, immunohistochemistry.
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2.4. Data collection

All variables were extracted from the institutional medical records
and Dutch Pathology Registry (PALGA): age at diagnosis, body mass
index (BMI, in kg/m2), FIGO stage, type of procedure, tumor histology
and size, presence of lymph vascular space invasion (LVSI), overall de-
tection rate (defined as at least one SLN detected), bilateral detection
rate (defined as at least one SLN detected in each pelvic side), anatom-
ical location of SLNs, the pathology protocol (frozen section yes/no;
ultrastaging yes/no), SLN count and tumor status, number of slides
stained with IHC, and disease recurrence. Disease recurrence was de-
fined as local and/or distant (outside the inner pelvis) presence of ma-
lignant tissue originating from the primary tumor, determined
clinically, radiographically and/or histopathologically.

2.5. Statistical analysis

Primary outcome was the added value of IHC, defined as the preva-
lence of low volume disease, micrometastasis (0.2–2mm in greatest di-
ameter) or ITC (< 0.2 mm in greatest diameter) detected only with IHC.
These results were compared to the prevalence of low volume disease
after multiple step sectioning with H&E staining only. When two or
more positive SLNs were found within a single patient, the patient
was assigned to a group based on the largest SLN metastasis.

Additional outcomes of interest were the prevalence of
macrometastasis (≥ 2 mm in greatest diameter), cost of processing
SLNs with IHC, risk factors associated with low volume disease, and
pathological value of frozen section examination.

The Statistical Package for the Social Sciences version 25.0.2 (SPSS;
International BusinessMachines, Armonk, NY, USA) was used for statis-
tical analysis. Continuous variables were compared using Student's t-
test or, if distributionwere non-parametric,Mann–Whitney U. Depend-
ing on normality, results are reported as mean ± standard deviation
(SD) or as median supplied with range. Categorical data, reported as
proportions, were compared between groups using Chi-square test or
Fisher's exact test as appropriate. Paired categorical data were com-
pared using McNemar test. With a univariate model using Chi-square,
the association of low-volumemetastasiswith other risk factorswas an-
alyzed. Risk factors significant in univariate analysis were entered into a
multivariate logistic regression model. Statistical tests were two-sided
with significance set at P < 0.05, and with confidence intervals (CI) at
the 95% level.

3. Results

3.1. Patient population

Clinical features of the patients who underwent SLN detection are
summarized in Table 1. In total 234 patients were included with 89.7%
staged as FIGO 1B1 and 67.9% diagnosed with squamous cell carcinoma
of the cervix. In six patients no SLN was identified in either hemipelvis.
In the remaining 228 patients at least one SLNwas identified, leading to
an overall detection rate of 97.4%. In 200 patients at least one SLN was
identified on both pelvic sides, leading to a bilateral detection rate of
85.5%. In total 516 SLNs were harvested intraoperatively with either
99mTc, blue dye, or both: a median of two (range 1–5) SLNs per patient.
The majority of SLNs (498, 96.5%) were localized in four main regions:
near the common iliac artery, internal iliac artery, external iliac artery,
and obturator vessels (Fig. S1). The remaining SLNs (18, 3.5%) were lo-
calized outside of the pelvic lymph node dissection field, including
parametrium and presacral tissue.

3.2. Sentinel lymph node detection: pathological features of SLNs

Pathological features of the detected SLNs are summarized in
Table 2. Upon pathological review, 639 SLNs (median of two per patient,
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range 1–9) were discovered in the 516 surgical SLN specimens, which
were all reviewed by the pathologist. Hereof, 485 SLNs from 194 pa-
tients were reviewed with frozen section examination of which 379
SLNs (148 patients) were stained with IHC.

According to the ultrastaging protocol, 579 SLNs from 211 patients
were routinely processed with IHC. Fifty-one SLNs were not processed
with IHC, primarily because of evident tumor cells in frozen section
examination or initial H&E staining.

3.3. Sentinel lymph node detection: pathological outcomes per patient

Frozen section identified metastasis in 14 patients (excluding ITC).
The false-negative rate of frozen section examination (excluding ITC)
was 33.3% (7/21) per patient (see Table S1).

Afterfinal pathology of the SLNs, 50 SLNs from37patients contained
metastases: macrometastasis in 17 patients (26 SLNs), micrometastasis
in nine patients (12 SLNs), and ITC in 11 patients (12 SLNs). Of 17 pa-
tients with macrometastasis, three patients were diagnosed with
micrometastasis or ITC in another SLN. The flowchart in Fig. 1 summa-
rizes all cases with positive SLNs.

A complete pelvic lymph node dissection was performed in 219
(93.2%) patients. After final pathology of all lymph nodes (both the
SLNs and non-SLNs), 33 patients were diagnosed with positive lymph
nodeswho required adjuvant therapy (i.e. without ITC). Of these, 26 pa-
tients were detected with macrometastasis or micrometastasis in at
least one of the SLNs (Fig. 1). Of the remaining seven patients, two
had metastatic lymph nodes in the parametrial tissue removed during
radical hysterectomy and were not considered as having false negative
SLNs. Four patients had either unilateral SLN mapping or mapping fail-
ure. In case of bilateral SLN mapping (n = 185 of patients receiving
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Fig. 1. Flow chart of positive sentinel lymph nodes in cervical cancer patients: cases identified after step sectioning with H&E (blue) versus cases identified only after IHC (green). In the
group with macrometastases, IHC did not identify macrometastases that were not already identified with H&E. SLN, sentinel lymph node; H&E, hematoxylin and eosin; IHC, immunohis-
tochemistry.
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pelvic lymph node dissection), the negative predictive value of the SLN
procecure was 99.4% (158/159)with a false negative rate of 3.7% (1/27)
excluding ITC (see Table S2).
3.4. Pathological value of immunohistochemistry

Among the 526 SLN samples (containing 579 SLNs) from 211 pa-
tients which were routinely stained with IHC, low volume disease was
detected in 23 SLNs from 19 patients using IHC: nine patients with
micrometastasis (13 SLNs) and 10 patients with ITC (10 SLNs). In
eight of these 19 patients, low volume disease was not identified with
H&E staining and detected only after IHC: three patients with
micrometastasis (four SLNs) and five patients with ITC (five SLNs)
(Fig. 1). The three patients who were identified with micrometastasis
only after IHC, all received adjuvant therapy (chemoradiation). In
these patients postoperative chemoradiation was only indicated by
the outcome of the IHC. The routine use of IHC thereby affected the ther-
apeutic strategy in 1.4% (95% CI 0.3%–4.3%) of the patients (3/211).

As summarized in Table 3, routine use of IHC significantly increased
the rate of patients with low volumedisease from 11 (5.3%) to 19 (9.1%)
(p = 0.04).

Among the 11 patients with low volume disease in both H&E stain-
ing and IHC, eight were identified with atypical cells in H&E staining:
Table 3
Low volume disease detected in cervical cancer sentinel lymph nodes with immunohisto-
chemistry.

Patients (n = 209)a

H&E ↓ IHC

No low volume diseaseb Low volume disease

No low volume diseasea 189 (90.4) 8 (3.8)
Low volume disease 1 (0.5) 11 (5.3)

H&E, hematoxylin and eosin; IHC, immunohistochemistry.
a Two patients, in whom IHC showed SLNmetastasis, were excluded from this analysis

because a macrometastasis was already found in the SLN on the contralateral side (iden-
tified without IHC).

b Either negative or macrometastasis.
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IHC was needed to confirm low volume disease. In one patient ITC
was only detected using H&E staining and not visible anymore in the
sections stained with IHC.
3.5. Costs of immunohistochemistry

The integral costs to stain a single slide with IHC were on average
€25 between 2008 and 2020, which included reagents, equipment
maintenance and depreciation, and labor. Until July 2019, typically
two slides per SLNwere stainedwith IHC in frozen section examination.
This added up to 914 slides (from 457 SLN tissue samples) with a total
cost of €22,850 and a median of €150 (range €50–€450) per patient.
In final pathology, an additional 2877 slides of 700 SLN tissue samples
were stained with IHC from 2008 to 2020: a median of four slides
(range 1–10) per SLN and a median of 12 slides (range 2–47) per pa-
tient. Staining these 2877 slides with IHC cost €71,925 with a median
of €100 (range €25–€250) per SLN and a median of €300 (range €50–
€1175) per patient. Overall, the costs of staining all slides (including fro-
zen sections) with IHC between 2008 and 2020 thereby added up to
€94,775with amedian of €125 (range €25–€300) per SLN and amedian
of €375 (range €100–€1625) per patient (see Fig. 2). Based on these
findings, identifying one additional patient with low volume disease
by routine IHC cost €11,846.88. Identifying one additional patient spe-
cifically with micrometastasis cost €31,591.67.
3.6. Risk stratification of low volume disease

Table 4 shows the results of the univariate analysis analyzing the
correlation of low volume diseasewith other risk factors. The univariate
analysis showed a significant correlation between presence of low vol-
ume disease and lymph vascular space invasion (p < 0.01). No other
variables showed a significant correlation and multivariate regression
analysis could therefore not be performed.

All eight patientswith lowvolumedisease –detected onlywith IHC -
were diagnosed with lymph vascular space invasion (LVSI), in six pa-
tients LVSI was already found in prior biopsy or conisation. None of
these patients showed atypical cells with H&E staining.
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Fig. 2. Flow chart of the costs of immunohistochemistry use in cervical cancer sentinel
lymph nodes: total costs of IHC performed during initial processing and frozen section
(in blue) and total costs of IHC performed during ultrastaging (in green). SLN, sentinel
lymph node; IHC, immunohistochemistry.
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3.7. Oncological follow-up

In total 57 patients were postoperatively referred to adjuvant treat-
ment (chemoradiation or radiotherapy) because of positive lymph
nodes (n = 29), insufficient or positive resection margins (n = 10),
Table 4
Univariate analysis of risk factors for presence of low volume disease with immunohisto-
chemistry in cervical cancer sentinel lymph nodes.

Patients
(n = 211)

Frequency
with low
volume disease

P

FIGO stage (2009) 0.38a

IA1/IA2 17 0.0%
≥IB1 194 10.3%

Histology 0.27
Squamous cell carcinoma 143 9.1%
Adenocarcinoma 54 7.4%
Other (e.g. adenosquamous,
villoglandular)

14 21.4%

Grade 0.62
I 46 10.9%
II 98 7.1%
III 62 11.3%

Tumor size 0.46
< 2 cm 137 8.0%
≥ 2 cm 74 12.2%

Lymph vascular space invasion <0.01
Negative 116 2.6%
Positive 95 17.9%

FIGO, International Federation of Gynecology and Obstetrics; aFisher's exact test (>20%
expected count <5).
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parametrial invasion (n = 5), fulfilled Sedlis criteria (n = 5) [16], or a
combination of these (n= 5). One patient was referred to chemoradia-
tion as radical hysterectomywas considered unfeasible due to extensive
fibrosis of the pelvis. As part of individualized treatment, one patient
was referred to chemoradiation because of bilaterally detected SLNs
with ITC in a stage IA2 adenocarcinoma of the cervix, previously treated
with conisation. One patient was referred to chemoradiation as radical
hysterectomy was abandoned because of a false positive frozen section
of the SLN.

The five year disease free survival was 88.5%. Six patientswith recur-
rent disease had lymph node metastases at primary treatment: five pa-
tients with macrometastasis and one patient with micrometastasis.
Supplemental Table S3 shows the location of recurrent disease in both
node-negative and node-positive patients at primary treatment.

4. Discussion

The present study concerned a cohort analysis of 234 cervical cancer
patients who had undergone an SLN procedure in which the clinical
value of IHC within the ultrastaging SLN protocol was evaluated. In
211 patients (90.2%) IHC was ordered. Using IHC, eight patients (3.8%)
with low volume disease were identified in whom tumor cells were
not identified upon step sectioning with H&E staining only: three pa-
tients withmicrometastasis and five patients with ITC. Thereby, routine
use of IHC significantly increased the rate of patients with low volume
disease to 19 patients (from 5.3% to 9.1%). More importantly, IHC af-
fected therapeutic strategy in three patients with micrometastasis,
adding clinical value in 1.4% (3/211) of patients. Routine use of IHC
however came with substantial costs: to identify one additional patient
with a clinically relevant metastasis, approximately €31,592 had to be
spend according to local staining costs.

Another important finding was that H&E stained slides from
eight patients showed atypical cells suspicious for metastasis. In those
cases, the pathologist needed IHC to confirm presence of small
macrometastasis, micrometastasis or ITC (Fig. 1). In three patients IHC
was performed to confirm clinically relevant metastasis (either
macrometastasis or micrometastasis) suspected by H&E and thus con-
firmed the indication for adjuvant therapy (Fig. 1). When these cases
are included, IHC on indication added clinical value in 2.8% (6/211) of
patients.

The current guidelines for cervical cancer suggest that small
macrometastases as well as micrometastases and isolated tumor cells
can be identified in SLNs by using the ultrastaging protocol [11]. As
outlined in a literature review by Cibula et al., ultrastaging is suggested
to detect an additional 15% of patients with positive SLNs, considering
macrometastasis, micrometastasis and ITC positive for metastasis [3].
A recent posthoc analysis of the SENTICOL I study reported that 8.1%
of apparently node-negative patients were found to be node-positive
only after ultrastaging, defined as step sectioning and IHC [17]. From
this analysis it was not clear what type of metastasis was found, nor in
how many patients. A comprehensive review of such ultrastaging pro-
tocols used in 127 studies showed that only 11 studies described the
number of patientswith SLNmetastasis only detected after ultrastaging.
In these 11 studies combined, 21% of the patients were detected
with SLN metastasis only after ultrastaging (36/171 patients with SLN
metastasis) [6].

Whereas the value of ultrastaging by step sectioning seems to be
well established, less convincing evidence exists on the added value of
IHC. In a small retrospective analysis of 48 early-stage cervical cancer
patients, the researchers separately described detection by step section-
ing and IHC. They reported that the rate of patients with SLNmetastasis
increased from 12 to 15 patients, of whom two patients were detected
with step sectioning and one patient with IHC only (showing ITC) [5].
Salvo et al. reported 22% of node-positive patients (6/27) being con-
verted to node-positive only after IHC, including ITC [18]. A recent ob-
servational cohort study of 92 cervical cancer patients reported that
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six of 13 patients (46%) with positive SLNs (including ITC) were de-
tected only after IHC [12] In both studies it is not clear what type of me-
tastasis – i.e. clinically relevant or not – was additionally detected by
IHC. In addition, the researchers did not describe the step sectioning in-
tervals nor did they describe if ametastasiswas already suspected in the
corresponding H&E stained slides. In our IHC cohort of 211 patients,
33.3% (8/24) of node-positive patients were detected only after IHC, in-
cluding ITC. One patient with ITC only was missed by IHC. Considering
clinically relevant SLN metastasis – metastasis that adjust the adjuvant
therapy (i.e. macrometastasis and micrometastasis) – 23.1% (3/13) of
node-positive patients were detected only after IHC. If we include
cases in which IHC was confirmatory for presence of metastasis (H&E
slides showed atypical cells), 69.6% (16/23) of node-positive patients
were identified only after IHC. In a study of 49 cervical cancer patients
originating from 2004, Juretzka et al. assessed the added value of IHC
in a different way; they reported that 8% of node-negative patients
(4/49) were identified with lymph node micrometastasis only after
IHC [19]. Choosing this approach, in our cohort 4.1% of node-negative
patients (8/196) were identified only after IHC. This difference may be
explained by the fact that Juretzka et al. retrospectively re-assessed all
the pathology specimens of all pelvic lymph nodes with IHC. The four
patients identified only after IHC, in retrospect, all received adjuvant
therapy for other reasons (e.g. tumor >4 cm). Since this study was con-
ducted before the SLN staging era, the researchers used a different
ultrastaging protocol for pelvic lymph nodes than what is common
nowadays [19].

To date, there have been few publications on the cost of the
ultrastaging protocol, and specifically IHC, in cervical cancer. A study
on the cost-effectiveness of the entire SLN procedure in cervical cancer
reported that the SLN procedure including pathological ultrastaging
was clinically superior and cost saving in comparison to traditional pel-
vic lymph node dissection [20]. The cost-effectiveness analysis was
based on estimated costs of pathological ultrastaging at 580 Canadian
dollars (≈€392) per patient and standard pathological processing at
375 Canadian dollars (≈€254) per patient. Recently, researchers study-
ing the SLN procedure in ovarian cancer reported a median cost of
ultrastaging of €96.8 to €124.5 per patient and €46.1 per SLN [21].
These estimated costs are lower than what we have reported (€275 to
€375), mainly due to the low costs for each slide stained with IHC in
this Spanish study (€3.5). Obviously, the total costs of pathology pro-
cessing is heavily dependent on the number of submitted SLNs, the
number of tissue blocks generated from these SLNs, and the number
of levels cut from these blocks. Further, it is unclear whether the IHC
costs described in the above studies concern the reagents costs only or
integral costs including also equipment maintenance and depreciation
and labor. Therefore, these international differences in costs of IHC
should be interpreted with caution.

Pathological ultrastaging of SLNs in cervical cancer leads to an in-
creased detection of low volume disease. The impact of low volume dis-
ease on the prognosis of cervical cancer patients remains controversial
as the findings of recent studies are inconsistent, although most re-
searchers agree that finding ITC in the SLNs does not affect survival
[7–10]. Certain limitations can explain the inconsistencies in literature.
The first limitation is the relatively low incidence of recurrence in com-
bination with low incidence of low volume disease in the patients with
cervical cancer [8]. Much larger cohorts are required to assess the prog-
nostic value of low volume disease and the added value of additional
treatment based on that. The second limitation is that the ultrastaging
protocol has not been standardized yet. The intensity of pathology pro-
cessing differs substantially internationally and even nationally [6].
Such differences inevitably affect the accuracy of detection of low vol-
ume disease and small macrometastasis by ultrastaging.

As shown in the present study, IHC facilitates detection of an addi-
tional group of patients with micrometastasis only, who are referred
to adjuvant treatment. In the largest retrospective cohort study in cervi-
cal cancers patients to date, Cibula et al. reported a decreased overall
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survival in patients withmicrometastasis, whichwas similar to patients
with macrometastasis [1]. A recent study substantiated these findings
and highlighted the importance of routine SLN ultrastaging since this
detects 10% of patients with micrometastasis who would otherwise be
missed [10]. In our cohort, three patients with micrometastasis would
have been missed without IHC, with potential detrimental conse-
quences for their survival.

False-negative SLNs were classified as cases in which positive non-
SLNwere detected on the same pelvic side as the histologically negative
SLN, i.e. cases that would have beenmissedwhen theMSKCC algorithm
is applied [22]. Subsequently a falsenegative rate of 6.3%was reported in
case of at least unilateral SLNdetection. The false-negative rate lowers to
3.1% if ITC is considered a relevant finding, comparable to the results
of a recent analysis on the SENTICOL I data [17]. The relevance of
detecting ITC was already confirmed by the study of Zaal et al., in
which survival is significantly improved by pelvic lymph node dissec-
tion (>16 lymph nodes) when micrometastasis or ITC are found in
the SLN [23].

The present study is limited by its retrospective single center design.
All positive cases by IHC were re-evaluated by the pathologist in retro-
spect, who was not blinded for the outcome, in order to double check
the reported outcome of H&E and IHC staining. In retrospect, when
the outcome is known, the positive SLNs reported as being missed
with H&E staining may show some atypical cells when thoroughly
searching for an unlimited time. Nevertheless, in daily practice, this is
not feasible as ultrastaging SLNs is already a time consuming process
for the pathologist. Therefore, outcomes were based on the original pa-
thology report. However, the ultrastaging protocol is not generalized
yet and details of the protocol at our center may differ from others. In
the same way the estimated costs of IHC may differ from other centers.
The institutional ultrastaging protocol changed in July 2019, which
mainly affected the number of IHC slides per SLN. We have no indica-
tions that the protocol change affected the pathological outcome of
ultrastaging. To our knowledge, this is the first study to assess the
added value of IHC in cervical cancer in relation to its costs.

Our findings regarding the costs of IHC raise the question if its rou-
tine use is a cost-effective strategy. Bethune et al. suggested that the
shift towards selective use of IHC in breast cancer patients, instead of
routine use, resulted in decreased ITC detection but at the same time
led to significant cost savings [24]. In their cohort the rate of
macrometastasis and micrometastasis remained equal. Our univariate
risk model showed that LVSI had a significant correlationwith presence
of low volume disease and may be used to indicate IHC. This is consis-
tent with previous studies [19], although other risk factors have been
described. In an analysis of the SENTICOL I and II data, Guani et al. sug-
gested that LVSI, FIGO stage, and depth of stromal invasion were corre-
lated with low volume disease in univariate analysis, while LVSI and
FIGO IB1 stage were significantly correlated in their multivariate analy-
sis [7]. Colturato et al. retrospectively studied 83 node-negative patients
between 2001 and 2007 and re-assessed all pelvic lymph nodes with
IHC [25]. They suggested an algorithm for performing IHC on pelvic
lymph nodes, based on FIGO stage (IB2 or II), insufficient lymphadenec-
tomy (<12 nodes), cervical tumor >2 cm and stromal invasion >2/3.
Now that the SLN procedure has emerged, ultrastaging of SLNs replaces
the need for extensive pathological assessment (including IHC) of
all pelvic lymph nodes and new algorithms for selective use of IHC,
obtained from prospective studies, are needed.

Routine use of IHC on SLNs adds clinical value by increasing the de-
tection of low volume disease in cervical cancer by nearly 4%, affecting
therapeutic strategy-decisions in about 1% of patients. This added
value comes at substantial costs. More selective use of IHC based on
risk factors may therefore increase cost-effectiveness, while patient
safety is maintained. Before this shift can be made, more research is
warranted.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ygyno.2022.02.011.
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