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Background. Tumor budding is a promising prognostic indicator in several cancers especially in colorectal cancer. However, only
few studies have been conducted to assess and validate its prognostic value in laryngeal squamous cell carcinoma; none of which
used pancytokeratin immunohistochemistry. In view of the modest results of treatment of laryngeal squamous cell carcinoma,
the need of new prognostic indicators becomes of paramount importance. Aim of the Study. We aim to evaluate tumor budding
in laryngeal squamous cell carcinoma, by haematoxylin and eosin, as well as by pancytokeratin immunohistochemistry. Material
and Methods. A retrospective study on 118 cases of laryngeal squamous cell carcinoma from archives of Pathology Lab of Ain
Shams University Specialized Hospital and Ain Shams University Hospitals from January 2014 to January 2017. The ENT and
histopathology reports were reviewed to determine clinicopathologic data of the patients. Results. Tumor budding shows high
statistically significant relations (p = 0.0001 for each) with important clinicopathological parameters of laryngeal carcinoma (site,
grade, tumor stage, lymph node stage, lymph node extracapsular invasion, and vascular invasion). The extent of tumor budding
correlated with overall survival, local recurrence disease free, and distant metastasis disease free (p=0.001 for each).
Multivariate analysis showed tumor budding to be an independent prognostic factor affecting progression-free survival. There
was a moderate agreement between H&E and IHC by pancytokeratin as regards detection of budding among study cases
(kappa = 0.593). Conclusions. Tumor budding was correlated with poor prognostic clinicopathologic indicators in laryngeal
squamous cell carcinoma. It is recommended to use pancytokeratin immunohistochemistry to evaluate tumor budding in
laryngeal squamous cell carcinoma especially in confusing cases.

1. Introduction

The current treatment results of laryngeal squamous cell
carcinoma (SCC) still remain modest, which necessitates
adding new prognostic indicators that would aid in tailor-
ing the treatment to suit individual cases in an attempt to
improve the treatment outcome [1]. Tumor budding is a
histopathological finding identified by counting small clus-
ters of tumor cells less than 5 cells or single cells at the
invasive tumor margin [2]. It expresses the tendency of
tumor cells to dissociate and detach at the tumor invasive

front, which is a primary step for invasive growth followed
by metastasis [3]. Tumor budding has been acknowledged
as an additional prognostic marker for colorectal carci-
noma [4].

However, only few studies have been conducted on laryn-
geal SCC to assess the prognostic value of tumor budding.
Those studies used different techniques for evaluation of
tumor budding and were all conducted by haematoxylin
and eosin (H&E) stain only. Thus, the current study is aimed
at evaluating tumor budding in laryngeal SCC by H&E and
by pancytokeratin immunohistochemistry (Ck IHC) and
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comparing the presence and extent of tumor budding to
established clinicopathological parameters.

2. Material and Methods

2.1. Tissue and Patient Data. The current retrospective study
was conducted on 118 cases of laryngeal carcinoma (squa-
mous cell carcinoma). Cases were obtained from the archives
of the Pathology Labs of Ain Shams University Specialized
Hospital and Ain Shams University Hospitals. Such cases
were diagnosed during the period from January 2014 to
January 2017. They were obtained by partial or total laryn-
gectomy and neck dissection, followed by adjuvant radio-
therapy. The ear, nose, and throat (ENT) reports and
histopathology reports were reviewed to determine clinico-
pathologic data of the patients: age of patients, gender, tumor
site, and lymphovascular invasion, as well as lymph node
involvement and lymph node extracapsular extension. For
each patient, clinical stage at presentation was classified
according to AJCC 8th edition [5]. H&E stained full slides
were examined to reevaluate the histopathologic diagnosis
and grade [6]. The inclusion criteria were as follows: cases
that received no neoadjuvant therapy (radio and/or chemo-
therapy) prior to surgery; cases with enough tissue, with
information for all the covariates; and that had performed
follow-up and/or received adjuvant therapy at our hospitals.
Originally, 134 cases of laryngeal SCC were available during
that period; 11 were excluded due to receiving prior neoadju-
vant therapy, three cases for insufficient tissue, and two had
no follow-up data available because they only had their sur-
gery at our hospitals but received their adjuvant therapy else-
where from the start. Thus, the total number of cases
included in the current study was 118 cases.

ENT reports of the patients were reviewed to determine
the following: (a) survival time, which was calculated based
on the date of major surgery and the date of last follow-up
or death; (b) progression-free survival time, which was calcu-
lated based on the date of major surgery or last session of
adjuvant postoperative radiotherapy and the date of relapse
(local recurrence/distant metastasis) at the last follow-up.

2.2. Ethics Statement. All patients who participated in this
study signed a written, informed consent before performing
the surgery. The study was approved by the Research Ethical
Committee at Faculty of Medicine, Ain Shams University.

2.3. Histopathological Evaluation. Haematoxylin and eosin
(H&E) stained slides of the cases of laryngeal squamous cell
carcinoma were examined by two pathologists (the authors:
N.M.A. and S.A.H.) to evaluate the presence and grading
(extent) of budding using light microscopy at a x20 objective
lens magnification. Any discrepancies were resolved by con-
sensus using a multihead microscope. Budding was consid-
ered positive if small clusters of dedifferentiated tumor cells
were identified at the invasive margin at any of the sections
of the case, with a range of >1 cells to <5 cells [7, 8].

2.4. Immunohistochemical Staining. Four micrometer sec-
tions of formalin-fixed and paraffin-embedded samples of
the 118 cases of laryngeal squamous cell carcinoma were
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prepared. For further identifying of tumor budding, immu-
nohistochemical staining was performed using primary anti-
bodies: mouse monoclonal anti-pancytokeratin (catalogue
number = NBP2-29429, clone: AE-1/AE-3; Novus Biological
Labs, Centennial, Colorado, USA; 0.5-1.0 ug/ml dilution).
Avidin-biotin immunoperoxidase complex technique was
used according to Hsu et al. [9], by applying the super sensi-
tive detection kit (Biogenex, California, USA). The prepared
tissue sections were fixed on poly-L-lysine-coated slides over-
night at 37°C. They were deparaffinized and rehydrated
through graded alcohol series. Then, the sections were heated
in a microwave oven in 10mM citrate buffer (pH 6.0) for
20min. After the blocking of endogenous peroxidase and
incubation in Protein Block Serum-Free Solution (Dako
Cytomation, Glostrup, Denmark) for 20 min, the sections
were incubated overnight at 4°C with primary antibodies.
Biotinylated anti-mouse immunoglobulin and streptavidin
conjugated to horseradish peroxidase were then added. Then,
3,3'-diaminobenzidine as the substrate or chromogen was
used to form an insoluble brown product. Finally, the sec-
tions were counterstained with haematoxylin and mounted.
Sections of human skin were used as positive control for
pancytokeratin. Negative control sections were incubated
with normal mouse serum instead of the primary antibody.

2.5. Interpretation of Immunohistochemical Staining. Immu-
nohistochemical analysis of tumor budding was blindly per-
formed by the two pathologists (the authors: N.M.A. and
S.AH.) without any prior knowledge of the clinicopatholog-
ical data, following the same criteria used in H&E sections.
Any discrepancies were resolved by consensus using a multi-
head microscope.

2.6. Interpretation of Tumor Budding Grading (Extent). In
order to determine the grading (extent) of budding, several
sections of each case were examined to choose the largest sec-
tion of the whole lesion. Budding was classified as follows:
mild =budding at <1/3 of the entire margin; moderate=
budding at 1/3-2/3 of the margin; marked=budding at
>2/3 of invasive margin [10]. The samples were then clas-
sified into two groups: low-grade budding (mild or no
tumor budding) and high-grade budding (moderate and
marked budding) [11, 12].

2.7. Data Management and Analysis. Data was revised,
coded, entered on computer, and analyzed using SPSS
package version number 20 (SPSS Statistics for Windows,
Version 20.0. Armonk, NY: IBM Corp) Qualitative data were
expressed as frequencies (N) and percentage (%). Chi-square
and Fisher’s exact test were used to test association between
qualitative variables. Fisher’s exact test was used to examine
the relationship between two qualitative variables when the
expected count is less than 5 in more than 20% of cells. p
value < 0.05 was considered significant. Kappa statistics was
used to examine the agreement between tumor budding eval-
uation by H&E and by pancytokeratin IHC: kappa values < 0
as indicating no agreement, 0-0.20 as slight, 0.21-0.40 as fair,
0.41-0.60 as moderate, 0.61-0.80 as substantial, and 0.81-1
as almost perfect agreement. Kaplan-Meier curves were used
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F1GUrk 1: Tumor budding at the invasive front of laryngeal squamous cell carcinoma showing high-intensity tumor budding: (a) by H&E
(H&E, x200), (b) by pancytokeratin (IHC, x200), (c) by H&E (H&E, x400), and (d) by pancytokeratin (IHC, x400). Black arrows are

showing examples of the tumor budding.

to describe overall and progression-free survival, while
log-rank test was used to compare the overall and
progression-free survival between the studied groups. Back-
ward multivariate Cox regression analysis was performed for
finding the predictors of overall survival and progression-
free survival rates.

3. Results

The study population consists of 118 cases of laryngeal squa-
mous cell carcinoma, 108 (91.5%) males and 10 (8.47%)
females. The median age of the patients is 60 years (range,
45-79 years). Fifty-three cases (44.9%) are glottic, 41 cases
(34.7%) are supraglottic, 17 cases (14.4%) are transglottic,
and 7 cases (5.9%) are subglottic. Pathological stages of the
included cases are as follows: stage I (2 cases; 1.7%), stage II
(9 cases; 7.6%), stage IIT (52 cases; 44.1%), and stage IV (55
cases; 46.6%). Fifty-five cases (46.6%) have no lymph node
metastasis (NO), 24 cases (20.3%) are N1, and 39 cases
(33.1%) are N2 and N3. Thirty-one cases (26.3%) have peri-
nodal invasion. By H&E evaluation, 75 cases (63.6%), 9 cases
(7.6%), 8 cases (6.8%), and 26 cases (22%) show no, mild,

moderate, and marked budding, respectively. By pancytoker-
atin THC evaluation, 37 cases (31.4%), 28 cases (23.7%), 27
cases (22.9%), and 26 cases (22%) show no, mild, moderate,
and marked budding, respectively (Figures 1 and 2).

Cases are further classified into high-intensity budding
(34 cases, 28.8% by H&E; 53 cases, 44.9% by pancytokeratin
IHC) and low-intensity budding (84 cases, 71.1% by H&E; 65
cases, 55.08% by pancytokeratin THC).

Tumor budding (detected by either H&E or by pancyto-
keratin THC) showed highly statistically significant relations
(p=0.0001) with important clinicopathological parameters
of laryngeal carcinoma. Data showing tumor budding as
compared to clinicopathological parameters is summarized
in Table 1.

There was a moderate agreement between H&E and
IHC as regards detection of budding among study cases
(kappa = 0.593), where 75% of cases with no/mild budding
by H&E had the same findings by IHC, and 94.1% of
cases with moderate/marked budding by H&E had the
same findings by IHC (Table 2).

The median follow-up of the patients was 48 months

(interquartile range "IQR™ =42 — 48 months). The overall
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F1GURrE 2: Tumor budding obscured by extensive inflammation and reactive stromal cells: (a) by H&E (H&E, x100), (b) by pancytokeratin
(IHC, x100), (c) by H&E (H&E, x100), (d) by pancytokeratin (IHC, x200). Black arrows are showing examples of the tumor budding.

4-year survival (OS) among all cases was 77.9%. The overall
progression-free survival (PFS, cases showing neither local
recurrence nor distant metastasis) was 70.9% (Figures 3(a)
and 3(b)).

Low-intensity budding (no/mild budding) and high-
intensity budding (moderate/marked budding) had overall
survival of 98.8% and 26.5% by H&E (p =0.001) and 98.8%
and 52.8% by pancytokeratin IHC (p =0.001), respectively
(Figures 4(a) and 4(b)).

For local recurrence-disease free survival, the above-
mentioned budding scores were 98.8% and 35% by H&E
(p=0.001), but 98.5% and 60.4% by pancytokeratin IHC
(p=0.001), respectively (Figures 5(a) and 5(b)). For dis-
tant metastasis-free survival, the abovementioned budding
scores were 97.6% and 8% by H&E (p =0.001), but 98.5%
and 43.7% by pancytokeratin THC (p =0.001), respectively
(Figures 5(c) and 5(d)).

After adjustment of all factors (tumor grade, tumor stage,
lymph node stage, nodal pericapsular invasion, vascular
invasion, and tumor budding) using backward multivariate
Cox regression analysis, it was shown that pericapsular inva-
sion and vascular invasion were independent factors affecting

overall survival (HR=33.9, CI=3.5-73.5; HR=12.7,
CI=3.1-51.9, respectively; Table 3).

After adjustment of all factors (tumor grade, tumor stage,
lymph node stage, nodal pericapsular invasion, vascular
invasion, and tumor budding) using backward multivariate
Cox regression analysis, it was shown that lymph node
stage, vascular invasion, and tumor budding were indepen-
dent factors affecting progression-free survival (HR =11.01,
CI=1.5-80.07, HR=11.8, CI=3.2-42.6; HR=9.3, CI =
1.8 — 47.6, respectively; Table 4).

Table 5 summarizes the main findings of the current
study in comparison to the few previous studies conducted
on laryngeal stromal budding.

4. Discussion

Laryngeal carcinoma is the second commonest malignancy
of head and neck. It includes a heterogenous group of
patients with different outcomes, so more appropriate treat-
ment modalities tailored to each case on its own should be
offered. This necessitates patient stratification based on other
prognostic factors to be added to the traditional, limited
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TaBLE 2: Agreement between H&E and THC as regards budding detection.
Budding H&E
No/mild budding Moderate/marked budding Kappa p (sig)
N % N %
. No/mild budding 63 75.0% 2 5.9%
Budding THC . 0.593 0.001
Moderate/marked budding 21 25.0% 32 94.1%
*Kappa agreement.
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FIGURE 3: (a) Overall survival among all cases and (b) overall progression-free survival.

WHO grading system [3, 13]. Tumor budding is a micro-
scopic finding detected by light microscopy at the invasive
front of tumors. It is defined as the presence of isolated single
cancer cells or small clusters of cancer cells (up to 5 cells)
[14]. Tumor budding has been reported in several cancers
and is considered as a well-established independent prognos-
tic factor in colorectal cancer [4]. Moreover, high reproduc-
ibility of tumor budding has been demonstrated in studies

conducted on several cancers. Thus, tumor budding could
be included in routine histopathological reports of such can-
cers [15-19]. However, only few studies have been conducted
to evaluate the prognostic value of tumor budding in laryn-
geal carcinoma [20, 21, 22]. None of those studies compared
assessing the intensity of tumor budding by pancytokeratin
IHC staining to H&E conventional staining. Moreover, the
three previous studies did not follow the method used to
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FIGURE 4: (a) Overall survival in no/mild (low intensity) budding and moderate/marked (high intensity) budding evaluated by H&E;
(b) overall survival in no/mild (low intensity) budding and moderate/marked (high intensity) budding evaluated by pancytokeratin IHC.
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FIGURE 5: (a) Local recurrence disease-free survival in no/mild (low intensity) budding and moderate/marked (high intensity) budding
evaluated by H&E; (b) local recurrence disease-free survival in no/mild (low intensity) budding and moderate/marked (high intensity)
budding evaluated by pancytokeratin IHGC; (c) distant metastasis-free survival in no/mild (low intensity) budding and moderate/marked
(high intensity) budding evaluated by H&E; (d) distant metastasis-free survival in no/mild (low intensity) budding and moderate/marked
(high intensity) budding evaluated by pancytokeratin THC.

TaBLE 3: Backward multivariate Cox regression for evaluating the effect of prognostic histopathologic parameters and tumor budding on
overall survival.

95% confidence interval for HR

HR p Sig. Lower Upper
Pericapsular invasion 33.906 0.002 HS 3.510 73.515
Vascular invasion 12.759 0.000 HS 3.133 51.966

*Hazard ratio.

score the intensity of tumor budding used for colorectal car-
cinoma. Instead two of those studies [20, 21] followed the
technique described by Kanazawa et al. [10], and the third
one developed a new technique for estimating tumor bud-

ding activity (intensity) [22]. Thus, these two issues (method
of scoring and the more appropriate staining technique)
require further studies to be conducted to establish solid rec-
ommendations for tumor budding in laryngeal cancer in a
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TaBLE 4: Backward multivariate Cox regression for evaluating the effect of prognostic histopathologic parameters and tumor budding on

progression-free survival.

95% confidence interval for HR

HR P Sig. Lower Upper
Node stage 11.015 0.018 S 1.515 80.076
Vascular invasion 11.847 0.0001 HS 3.289 42.673
Budding* 9.337 0.007 HS 1.829 47.668

*Reference no/mild.

way resembling the consensus established for colorectal car-
cinoma. It is worth noting that even this established tech-
nique used for assessing the intensity of tumor budding in
colorectal carcinoma is still susceptible to further criticism
of low interobserver agreement; hence, an automatic count-
ing has been studied [4, 12, 20-22].

Guided by other previous studies that have assessed
tumor budding in head and neck squamous cell carcinoma
especially those few studies on laryngeal SCC, the method
we used for evaluation of tumor budding in the current study
demonstrated high statistically significant relations as com-
pared to different clinicopathological parameters including
stage, lymphovascular invasion, and lymph node metastasis
(p=0.0001 for each). This was in concordance with Ekmekci
et al. [20], where tumor budding in their laryngeal carcinoma
cases showed statistical significance with lymph node metas-
tases and lymphovascular invasion. Okuyama et al. demon-
strated similar correlation between the extent of tumor
budding and lymph node metastasis in their gingival SCC
cases [23]. Our results also showed partial agreement with
their work concerning stage, where they stated that the inci-
dence of budding increased with advanced stage, but their
cases showed no statistical significance between budding
and stage. Moreover, our study showed total agreement with
Boxberg et al. [22], whose work showed a significant correla-
tion between tumor budding and each of tumor stage and
lymph node metastases.

Concerning lymph node metastases, although the num-
ber, size and level of the invaded lymph nodes were consid-
ered important, yet extracapsular spread proved to be of
exceedingly paramount prognostic importance [13, 24].
Our current study showed a high statistical significance
between tumor budding and extracapsular spread which
highlights the probable prognostic value of tumor budding
in laryngeal carcinoma. However, our results were unlike
Ekmekci et al. [20] and Sarioglu et al. [21], whose cases
showed no statistical significance between lymph node extra-
capsular spread and tumor budding. Among important prog-
nostic factors of laryngeal carcinoma are tumor grade and
tumor site [13]. Unlike what was recorded by Ekmekci et al.
[20] and Boxberg et al. [22], our cases showed a highly statis-
tically significant relation between tumor budding and each
of tumor grade and site (p =0.0001 for each). In this sense,
Elseragy et al. [25] proposed a histopathologic grading sys-
tem that incorporates WHO grading of oral SCC with tumor
budding that significantly improved the prognostic power of
the conventional WHO grading system. Applying such a

prognostically powerful histopathologic grading system in
laryngeal SCC might be considered in the future.

The discrepancies between the current study and the few
previous studies of tumor budding conducted on laryngeal
carcinoma may be attributed to their relatively smaller sam-
ple sizes and different means of evaluation of tumor budding
extent.

Concerning the staining method of assessing tumor bud-
ding, the current study showed only a moderate agreement
between staining by H&E and pancytokeratin IHC. In view
of unsatisfactory agreement between the two methods of
tumor budding evaluation in laryngeal SCC, it is recom-
mended that this evaluation would be performed by pancyto-
keratin IHC. These results were to a great extent in agreement
with Ledo et al. [11] whose cases of oral SCC showed fair to
moderate agreement between H&E and pancytokeratin THC.
This may be attributed to the fact that observing single tumor
cells and small nests can be easily confused with reactive stro-
mal cells by H&E or may be obscured by peritumoral inflam-
matory infiltrate. However, Wang et al. [17] found almost
perfect agreement in evaluation of tumor budding in colorec-
tal carcinoma and so they recommended H&E for reporting
tumor budding in colorectal carcinoma. Lugli et al. stated that
cost-effectiveness of H&E allows tumor budding evaluation to
be applied worldwide, sparing pancytokeratin IHC for chal-
lenging cases only [4].

Several studies have demonstrated that tumors associated
with high intensity of tumor budding showed a worse prog-
nosis in patients with head and neck SCC [14, 26-28].Tumor
budding has been linked to local recurrence, distant metasta-
sis, and lowered survival in many cancers like colorectal
carcinomas, pancreatic carcinomas, oesophageal carcinomas,
lung carcinomas, anal carcinomas, and even in the few
papers conducted on laryngeal carcinomas [8, 29-33].

This goes well with the results of our study, where the
overall survival of cases showing no or low-intensity budding
and high-intensity budding were 98.8% and 26.5% by H&E
(p=0.001), but 98.8% and 52.8% by pancytokeratin IHC
(p=0.001), respectively.

As for local recurrence, disease-free survival for no or
low-intensity budding and high-intensity budding were
98.8% and 35% by H&E (p =0.001), but 98.5% and 60.4%
by pancytokeratin IHC (p = 0.001), respectively. Concerning
distant metastasis-free survival, budding scores of no or low
intensities versus high-intensity budding were 97.6% versus
8% by H&E (p = 0.001), but 98.5% versus 43.5% by pancyto-
keratin IHC (p = 0.001), respectively.
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These results were in concordance with the studies con-
ducted by Almangush et al. [8, 30], which showed that
high-intensity tumor budding significantly correlated with
shorter disease-free survival and reduced overall survival in
head and neck and oral SCC.

Furthermore, multivariate analysis revealed that tumor
budding, lymph node stage, and vascular invasion were
independent prognostic factors affecting progression-free
survival in our study. This was in agreement with what was
demonstrated by Sarioglu et al. [21] in their study that lymph
node metastasis and tumor budding were significantly asso-
ciated with distant metastasis. Moreover, Boxberg et al.
showed that their proposed new grading system for laryngeal
SCC that incorporates budding activity and cell nest size was
significantly associated with overall survival, disease specific,
and disease-free survival [22].

Limitations to this study are the small number of
patients, unicentricity of the study based in only one location,
and using one technique for assessing the intensity of tumor
budding. Further studies with wider patients’ cohorts, which
are comparing the effect of different techniques in assessing
the intensity of tumor budding on survival analysis, are
required to validate the current results.

5. Conclusions

Accumulating evidence has shown that tumor budding could
serve as a histopathologic prognostic marker that could even
have an influential role in planning the treatment strategy of
laryngeal carcinoma patients. However, the best method for
its evaluation has not yet been settled upon. Nevertheless,
the method used for its evaluation in the current study has
shown tumor budding to be an independent prognostic fac-
tor for progression-free survival (local recurrence and distant
metastasis). Therefore, further studies to establish a consen-
sus for evaluation of tumor budding and for validation of
its potential prognostic role in laryngeal carcinoma should
be conducted so as to include tumor budding in routine his-
topathological reports of laryngeal carcinoma.
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