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Acute kidney injury (AKI) is a clinical scenario in which there is 
sudden loss of renal function. The term AKI recently has replaced 
“acute renal failure” (ARF), which was first described by Wil-
liam Heberden in 1802 as “ischuria renalis” [1,2]. It is charac-
terized by oliguria and rapid development of azotemia [3]. This 
clinical entity usually is initiated and caused by hypovolemia 
and/or hypotension and frequently is associated with multiorgan 
failure [4]. In the United States, numerous studies have focused 
on analysis of data from the International Classification of Dis-
ease coding to measure the incidence of AKI in different clinical 
settings, with results showing increased incidence over time. The 
“Kidney Disease: Improving Global Outcomes” (KDIGO)-based 
criteria used to analyze the epidemiology of AKI might yield a 

much higher estimated incidence of AKI than the code-classified 
criteria [5,6]. Due to the absence of standardized classification 
criteria for AKI, there are many variations in the reported inci-
dence and prevalence rates among hospitalized patients, ranging 
from < 1% to 66% [7]. 

Different etiologies contribute to the development of AKI, 
mainly leading to a rapid decline in glomerular filtration rate. 
Those include a decrease in renal blood flow in the case of prer-
enal AKI [4] or other causes in the settings of intrinsic renal or 
postrenal AKI. The kidneys are most vulnerable to hypoperfu-
sion when autoregulation is impaired. This is seen frequently in 
elderly patients; patients with atherosclerosis, hypertension, di-
abetes, or early chronic kidney disease, where arterial and arteriolar 

Post-mortem assessment of vimentin expression as a biomarker 
for renal tubular regeneration following acute kidney injury
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Background: Acute kidney injury (AKI) is a common cause of morbidity and mortality. It mainly targets the renal tubular epithelium with 
pathological changes, referred to as acute tubular injury. The latter is followed by a regenerative response that is difficult to visualize on 
routine hematoxylin and eosin (H&E) stains. In this study, we examined the regenerative capacity of renal tubules by correlating vimen-
tin (VIM) immunohistochemical (IHC) expression and pathological findings of AKI and renal tubular regeneration (RTR) on H&E. Meth-
ods: We reviewed 23 autopsies performed in the clinical setting of AKI and RTR. VIM expression was scored in the renal cortical tubu-
lar epithelium using a statistical cutoff ≥ 3% for high expression and < 3% for low expression.  Results: Of the 23 kidney tissues 
examined, seven (30.4%) had low VIM expression, and 16 (69.6%) had high VIM expression. Kidney tissues with evidence of AKI and 
RTR had significantly higher VIM expression. Renal peritubular microenvironment features showing regenerative changes on H&E were 
associated with high VIM expression. In the univariate model, kidney tissues with RTR were 18-fold more likely to have high VIM expres-
sion. Conclusions: In conclusion, our findings suggest that VIM could serve as an IHC marker for RTR following AKI. However, correlation 
with H&E findings remains critical to excluding chronic tubular damage. Collectively, our preliminary results pave the way for future stud-
ies including a larger sample size to validate the use of VIM as a reliable biomarker for RTR.
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nephrosclerosis are present; and patients who are receiving angio-
tensin receptor blockers or angiotensin-converting enzyme inhibi-
tors [8,9]. The syndrome of AKI is most frequently due to prere-
nal failure as a result of volume depletion, where renal parenchymal 
injury is seen not commonly, or intrinsic causes reflected by acute 
tubular necrosis (ATN) secondary to ischemic or toxic insults [10]. 
Since necrosis is not evident always, there have been calls to sub-
stitute the term “acute tubular injury” (ATI).

The morphologic changes seen in ATI vary according to the 
severity of tubular damage. Mild changes include tubular dila-
tion, loss of the proximal tubular brush border, and apical bleb-
bing, particularly in the S3 segment of the proximal tubule. In-
deed, the proximal tubule is the most susceptible site to injury 
[11]. The severe forms of ATI manifest from individual cells to 
confluent necrosis. Detachment from the basement membrane 
and shedding of proximal tubular epithelial cells with luminal 
accumulation of necrotic debris in distal tubular segments are 
characteristic of this entity [4,12]. However, renal tubules have 
a remarkable capacity to regenerate lost cells, usually within less 
than a week [13]. It is suggested in the literature that restora-
tion of lost renal tubular cells is secondary to regeneration of the 
tubular epithelium [14]. Histopathological analysis of the kid-
ney tissue distinguishes four stages of the renal tubular regener-
ation (RTR) process [15]. In the first stage, there is inflamma-
tion and death of the tubular epithelium via apoptosis, necrosis, 
or other death mechanisms. In the second stage, tubular epithe-
lial cells undergo changes, such as a loss of brush border, tubular 
flattening, and rapid loss of cell polarity [16,17]. In this stage, 
cells change from the epithelial to mesenchymal phenotype in a 
process known as epithelial-to-mesenchymal transition (EMT) 
and overexpress vimentin (VIM) [18,19]. Regenerating cells are 
characterized by cytoplasmic basophilia, karyomegaly, and nuclear 
crowding along the affected tubule segment [20]. In the third 
stage, enhanced proliferation of most kidney cells occurs through 
increased levels of growth factors, including insulin like growth 
factor 1, hepatocyte growth factor, and fibroblast growth factors  
[21]. Lastly, maturation of epithelial cells occurs with restora-
tion of nephron function [22]. 

The regenerative features of AKI/ATI are difficult to appreciate 
on routine light microscopy. The present study expands the as-
sessment of the regenerative capacity of renal tubules in patients 
with AKI/ATI. We correlated the expression of VIM, a marker 
of RTR, with clinical and morphologic variables in individuals 
with varying degrees of AKI. Our results indicate that VIM ex-
pression is observed consistently in both AKI and chronic kidney 
disease (CKD). However, VIM labeling, in areas devoid of fibro-

sis and other signs of chronic damage, can serve as an immuno-
histochemical (IHC) biomarker to estimate AKI-associated regen-
erative responses in autopsies and potentially in surgical biopsies. 

MATERIALS AND METHODS

Study design and setting

We conducted a retrospective 10-year review (2010–2020) of 
all adult autopsies performed at Mount Sinai Medical Center of 
Florida, with cause of death related to hypoperfusion. Exclusion 
criteria were (1) death related to trauma, (2) death during surgery, 
and (3) complete autolysis of kidney tissues. Clinicopathological 
parameters of the patients were retrieved from electronic pathol-
ogy and medical records. The variables collected were age, gen-
der, cause of death (cardiac, respiratory, stroke, sepsis, among 
others), CKD, CKD stage, fold estimated glomerular filtration 
rate (eGFR), fold creatinine, chronic hemodialysis, diabetes mel-
litus, hypertension, shock during hospitalization, clinical evi-
dence of AKI/ATI, AKI type, arteriosclerosis, arteriolosclerosis, 
arteriolosclerosis severity, glomerulosclerosis, glomerulosclerosis 
severity, significant interstitial fibrosis, interstitial fibrosis sever-
ity, tubular atrophy, tubular atrophy severity, pathologic evidence 
of AKI, tubulorrhexis, pathologic evidence of ATN, evidence of 
regenerating tubular epithelium, and renal peritubular micro-
environment features on hematoxylin and eosin (H&E) stains 
(cortical) and on periodic acid–Schiff (PAS) stains (cortical). 

Histopathologic evaluation

Tissue samples were fixed in neutral buffered formalin and 
embedded in paraffin for histologic processing. Slides of the kid-
ney sections were stained with H&E and PAS reaction and eval-
uated in a blinded fashion by two independent pathologists with 
experience in renal pathology. No significant interobserver dis-
agreement was noted in the interpretation between the two pa-
thologists. Although no quantitative criteria were used to assess 
AKI and RTR, AKI was defined by the presence of tubular dila-
tion, loss of the proximal tubular brush border, tubulorrhexis, 
and apical blebbing [4], and RTR was defined by cytoplasmic 
basophilia, karyomegaly, and nuclear crowding along the affected 
tubule segment [20]. The collective presence of those features 
was necessary to define AKI and RTR and was achieved by as-
sessing tissue slides systematically and observing renal tubules 
within at least 10 high power fields (HPFs). Arteriosclerosis 
was described as thickening of the intima or media of the arter-
ies. Arteriolosclerosis was characterized by hyalinosis of the affer-
ent or efferent vessels and arterioles [23]. Chronic damage was 
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estimated by evaluating tissue fibrosis including glomeruloscle-
rosis [24], interstitial fibrosis, and tubular atrophy, defined as re-
duced size of tubules with attenuation of the luminal epithelium 
[25]. Autolysis was characterized by ghost cells with pyknotic or 
absent nuclei [26]. Fragmentation/duplication of the basement 
membrane and thickened basement membrane were recorded. 

IHC staining for VIM (Ventana Medical Systems Inc., Tucson, 
AZ, USA) protein expression was performed using standard pro-
cessing techniques. Appropriate positive and negative controls 
were run simultaneously. VIM expression was assessed by positive 
gold-brown cytoplasmic stain only in the tubular cells. Screening 
of the kidney tissue sections was performed in a systematic 
manner. In areas without chronic changes or acute tubulointer-
stitial inflammation, an average of approximately 30 tubules 
was counted randomly within 10 HPFs. Scoring was performed 
at 400x magnification. In non-pathological conditions, glomer-
uli normally stain positive for VIM [27], serving as internal pos-
itive controls in our study. A positive tubule was defined as im-
munoreactivity of more than 50% of the tubular epithelial cells. 
The percentage of VIM expression was calculated by dividing 
the number of tubules with ≥ 50% VIM-positive cells by the to-
tal number of tubules (approximately 30), multiplied by 100. 

This percentage is referred to as the VIM score. We defined our 
VIM positivity threshold by setting a cutoff of 3% (Fig. 1B).  
Evaluation was restricted to areas without advanced/obvious acute 
or chronic changes as VIM is expressed ubiquitously in tubular 
atrophy and areas of severe fibrosis. In fact, persistence of VIM+ 
epithelial cells in CKD likely is responsible for activating fibro-
genic pathways, that is, those not part of RTR.

Statistical analysis

The VIM score was categorized into less than 3% and greater 
than or equal to 3%. This cutoff of 3% was assigned based on the 
VIM score distribution, where 95.7% of the total population 
(22/23) clustered in the “less than or equal to 20% VIM score.” 
Multiple cutoffs have been explored to determine the optimal 
stratification of patients. The optimal cutoff point for VIM that 
provided the greatest statistical significance was 3%. Data re-
trieved from medical charts were entered into a Microsoft Excel 
spreadsheet that was designed specifically for this study. Then, 
the data were transferred into the Statistical Package of Social 
Science (IBM Corp., Released 2013, SPSS Statistics for Windows 
ver. 22.0, Armonk, NY, USA), which was used for data cleaning, 
management, and analyses. Descriptive statistics were carried 

Tubular atrophy

CKD (diffuse strong VIM expression) AKI

Tubular thyroidization Low VIM (< 3%) High VIM (≥ 3%)

Vi
m

en
tin

H
&E

A B

Fig. 1. Representative hematoxylin and eosin (H&E) (upper panels) and immunohistochemistry (lower panels) images of kidney tissues. (A) 
Kidney tissues showing diffuse and strong vimentin (VIM) expression in areas of chronic tubular damage (patients with chronic kidney dis-
ease). (B) Kidney tissues showing low and high VIM expression. Slides were stained with H&E and VIM stains, and images were examined at 
× 400. 
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out and reported as frequencies and percentages for categorical 
variables and as means±standard deviations for continuous vari-
ables. Characteristics of patients and other clinicopathological 
parameters among the two studied groups (VIM < 3%, low, and 
≥ 3%, high) were tabulated. Baseline comparisons between the two 
studied groups were performed using the Mann-Whitney U test 
for continuous variables. The chi-square test was used to assess 
any significant association between the categorical variables. 
Thereafter, univariate logistic regression was used to determine 
the associations between VIM (low/high) as a dependent variable 
and other clinicopathological parameters as independent vari-
ables. The level of significance was set at p < .05 for all statistical 
analyses. 

RESULTS

VIM expression and its correlation with clinical characteristics

A total of 23 patients was selected based on the inclusion crite-
ria. From this group, high VIM expression (≥ 3%) was observed 
in 16 patients (Fig. 2). Among our patient cohort, 13 (56.5%) 
were females and 10 (43.5%) were males. Patients were divided 
into two age groups, ≤ 65 years (7 patients, 30.4%) and > 65 
years (16 patients, 69.6%). The patients were distributed accord-
ing to cause of death: cardiac (4 patients, 17.4%), respiratory (6 
patients, 26.1%), stroke (2 patients, 8.7%), sepsis (7 patients, 
30.4%), and other (3 patients, 13.0%). There were 16 patients 
(69.6%) with no CKD and seven patients (30.4%) with CKD. 
Fold eGFR was calculated using the Chronic Kidney Disease Epi-

demiology Collaboration (CKD-EPI) creatinine equation [28]. 
Also, fold creatinine was estimated using the lowest value recorded 
during or before hospitalization and the highest value recorded 
during hospitalization. Chronic hemodialysis was found in one 
patient (4.3%). Sixteen patients (69.6%) did not have diabetes 
mellitus, and 16 patients (69.6%) had hypertension. Shock dur-
ing hospitalization was present in 10 patients (43.5%). Clinical 
evidence of acute kidney injury was documented in 13 patients 
(56.5%) (Table 1). No statistically significant difference was 
found between patients regarding age, gender, cause of death, 
CKD, CKD stage, chronic hemodialysis, diabetes mellitus, hy-
pertension, shock during hospitalization, fold eGFR, fold creat-
inine, or clinical evidence of acute kidney injury with respect to 
VIM expression. 

VIM expression is significantly correlated with AKI and RTR

We next sought to assess the correlation between VIM expres-
sion and other histopathologic variables. High VIM expression 
was significantly associated with arteriosclerosis, arteriosclerosis 
severity, and glomerulosclerosis (p = .005, p = .002, and p = .033, 
respectively) (Table 1). Kidney tissues with pathologic evidence 
of ATN and RTR had significantly higher VIM expression (p = 

.036 and p = .007, respectively) (Table 1, Fig. 2). Also, renal peri-
tubular microenvironment features showing regenerative changes 
on H&E were associated with high VIM expression (p = .009) 
(Table 1). In univariate models, kidney tissues with evidence of 
AKI and RTR were 15.00-fold more likely to have high VIM ex-
pression (odds ratio [OR], 7.500; 95% confidence interval [CI], 
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Fig. 2. Correlation between vimentin (VIM) expression on one hand and pathologic evidence of acute kidney injury (AKI) (A) and renal tubular 
regeneration (RTR) (B) on the other hand. Kidney tissues with evidence of AKI and RTR had significantly higher VIM expression (p = .065 and 
p = .017, respectively). Chi-square test was used to assess significant association between the two variables (*p < .05). 
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Table 1. Correlation between vimentin expression and acute kidney injury

Variable Total
Vimentin expression

p-value
Low < 3% High ≥ 3%

Age (mean ± SD) 69.00 ± 15.03 57.86 ± 15.96 73.88 ± 12.09 .015
Age (yr) .066

≤ 65 7 (30.4) 4 (57.1) 3 (42.9)
> 65 16 (69.6) 3 (18.8) 13 (81.3)

Sex .382
Female 13 (56.5) 3 (23.1) 10 (76.9)
Male 10 (43.5) 4 (40.0) 6 (60.0)

Cause of death .777
Cardiac 4 (17.4) 1 (25.0) 3 (75.0)
Respiratory 6 (26.1) 2 (33.3) 4 (66.7)
Stroke 2 (8.7) 1 (50.0) 1 (50.0)
Sepsis 7 (30.4) 2 (28.6) 5 (71.4)
Other 3 (13.0) 0 3 (100)

CKD .266
No 16 (69.6) 6 (37.5) 10 (62.5)
Yes 7 (30.4) 1 (14.3) 6 (85.7)

CKD stage .792
1 - - -
2 1 (14.3) 0 1 (100)
3 5 (71.4) 1 (20.0) 4 (80.0)
4 1 (14.3) 0 1 (100)
5 - - -

Fold eGFR .952
< –0.5 7 (38.9) 2 (28.6) 5 (71.4)
≥ –0.5 11 (61.1) 3 (27.3) 8 (72.7)

Fold creatinine .457
< 2.0 12 (66.7) 4 (33.3) 8 (66.7)
≥ 2.0 6 (33.3) 1 (16.7) 5 (83.3)

Chronic hemodialysis .499
No 22 (95.7) 7 (31.8) 15 (68.2)
Yes 1 (4.3) 0 (0.0) 1 (100)

Diabetes mellitus .266
No 16 (69.6) 6 (37.5) 10 (62.5)
Yes 7 (30.4) 1 (14.3) 6 (85.7)

Hypertension .898
No 7 (30.4) 2 (28.6) 5 (71.4)
Yes 16 (69.6) 5 (31.3) 11 (68.8)

Shock during hospitalization .968
No 13 (56.5) 4 (30.8) 9 (69.2)
Yes 10 (43.5) 3 (30.0) 7 (70.0)

Clinical evidence of AKI .493
No 9 (39.1) 2 (22.2) 7 (77.8)
Yes 14 (60.9) 5 (35.7) 9 (64.3)

AKI type .603
No 9 (39.1) 2 (22.2) 7 (77.8)
Prerenal 10 (43.5) 3 (30.0) 7 (70.0)
Renal 4 (17.4) 2 (50.0) 2 (50.0)

Arteriosclerosis .005
No 3 (13.0) 3 (100.0) 0 
Yes 20 (87.0) 4 (20.0) 16 (80.0)

(Continued to the next page)
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Table 1. Continued

Variable Total No. of patients
Vimentin expression

p-value
Low < 3% High ≥ 3%

Arteriolosclerosis .062
No 13 (56.5) 6 (46.2) 7 (53.8)
Yes 10 (43.5) 1 (10.0) 9 (90.0)

Arteriosclerosis severity .002
Intimal thickening < media thickness 12 (52.2) 7 (58.3) 5 (41.7)
Intimal thickening ≥ media thickness 11 (47.8) 0 11 (100)

Glomerulosclerosis .033
< 10% globally sclerotic glomeruli 12 (52.2) 6 (50.0) 6 (50.0)
≥ 10% globally sclerotic glomeruli 11 (47.8) 1 (9.1) 10 (90.9)

Glomerulosclerosis severity (%) .571
< 10 17 (73.9) 6 (35.3) 11 (64.7)
10–50 4 (17.4) 1 (25.0) 3 (75.0)
> 50 2 (8.7) 0 2 (100)

Significant interstitial fibrosis .066
No 7 (30.4) 4 (57.1) 3 (42.9)
Yes 16 (69.6) 3 (18.8) 13 (81.3)

Interstitial fibrosis severity (%) .247
< 10 18 (78.3) 7 (38.9) 11 (61.1)
10–50 4 (17.4) 0 4 (100)
> 50 1 (4.3) 0 1 (100)

Tubular atrophy (%) .328
< 10 21 (91.3) 7 (33.3) 14 (66.7)
≥ 10 2 (8.7) 0 2 (100)

Tubular atrophy severity (%) .619
< 10 21 (91.1) 7 (33.3) 14 (66.7)
10–50 1 (4.3) 0 1 (100)
> 50 1 (4.3) 0 1 (100)

Pathologic evidence of AKI .036*
No 9 (39.1) 5 (55.6) 4 (44.4)
Yes 14 (60.9) 2 (14.3) 12 (85.7)

Tubulorrhexis .226
No 17 (73.9) 4 (23.5) 13 (76.5)
Yes 6 (26.1) 3 (50.0) 3 (50.0)

Pathologic evidence of ATN .221
No 12 (52.2) 5 (41.7) 7 (58.3)
Yes 11 (47.8) 2 (18.2) 9 (81.8)

Evidence of regenerating tubular epithelium .007
No 10 (43.5) 6 (60.0) 4 (40.0)
Yes 13 (56.5) 1 (7.7) 12 (92.3)

Renal peritubular microenvironment features on H&E (cortical) .009
No changes 4 (17.4) 4 (100.0) 0 
Reactive/regenerative changes in AKI 11 (47.8) 2 (18.2) 9 (81.8)
Consistent with early chronic changes (tubular atrophy/interstitial fibrosis) 3 (13.0) 0 3 (100)
Areas with multinucleated cells 5 (21.7) 1 (20.0) 4 (80.0)

Renal peritubular microenvironment features on PAS (cortical) .416
No changes 15 (65.2) 6 (40.0) 9 (60.0)
Tubulorrhexis 3 (13.0) 1 (33.3) 2 (66.7)
Fragmentation/duplication of basement membrane 3 (13.0) 0 3 (100)
Thickened basement membrane 2 (8.7) 0 2 (100)

Values are presented as number (%) unless otherwise inidcated.
Significant p-value < .05.
CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; AKI, acute kidney injury; ATN, acute tubular necrosis; H&E, hematoxylin and eosin; 
PAS, periodic acid–Schiff.
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Table 2. Results of the logistic regression analysis with vimentin expression as a dependent variable (univariate analysis)

Variable
Univariate analysis

OR 95% CI p-value

Age (yr) 
≤  65 1 - -

>  65 5.778 0.819–40.760 .078

Sex
Female 1 - -

Male 0.450 0.074–2.741 .386

Cause of death
Sepsis 1 - -

Respiratory 0.800 0.076–8.474 .853

Cardiac 1.200 0.073–19.631 .898

Stroke 0.400 0.061–10.017 .577

Other - - -

CKD
No 1 - -

Yes 3.600 0.345–37.616 .285

Fold eGFR
< –0.5 1 - -

≥  –0.5 1.067 0.129–8.793 .952

Fold creatinine
<  2.0 1 - -

≥  2.0 2.500 0.214–29.254 .465

Diabetes mellitus
No 1 - -

Yes 3.600 0.345–37.616 .285

Hypertension
No 1 - -

Yes 0.880 0.125–6.192 .898

Shock during hospitalization
No 1 - -

Yes 1.037 0.173–6.233 .968

AKI
No 1 - -

Yes 0.514 0.076–3.488 .496

AKI type
No 1 - -

Prerenal 0.667 0.084–5.301 .702

Renal 0.286 0.023–3.523 .328

Arteriolosclerosis
No 1 - -

Yes 7.714 0.746–79.771 .087

Glomerulosclerosis
< 10% globally sclerotic glomeruli 1 - -

≥ 10% globally sclerotic glomeruli 10.000 0.957–104.490 .054

Glomerulosclerosis severity (%)
< 10 1 - -

10–50 1.636 0.138–19.387 .696

> 50 - - -

Significant interstitial fibrosis
No 1 - -

Yes 5.778 0.819–40.760 .078

(Continued to the next page)
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1.023 to 54.996; p = .047 and OR, 18.000; 95% CI, 1.632 to 
198.508; p = .018, respectively) (Table 2).

DISCUSSION

In this study, we showed a significant association between VIM 
expression by cortical tubular epithelia and RTR in the setting 
of AKI/ATN. First, VIM can be expressed by cortical tubular 
epithelia, but never by medullary epithelia, in diverse histologic 
landscapes. The cortical tubular epithelium of degenerated neph-
rons with patchy interstitial fibrosis, glomerulosclerosis, and 
tubular atrophy can display widespread VIM expression. For 
instance, severely impaired tubules with hyaline casts, so-called 
tubular thyroidization, exhibited diffuse and strong positivity 
for VIM (Fig. 1A). This aberrant VIM expression in CKD rep-
resented an obstacle to evaluating RTR in AKI. As an attempt 
to explore the relationship between VIM expression and RTR, we 
quantify VIM immunoreactivity in areas without chronic dam-
age or tissue remodeling (Fig. 1B). Thus, any VIM expression 
by the cortical tubular epithelium of preserved nephrons can be 
considered a response to acute injury. In fact, the most severe 
cases of ATN displayed widespread VIM expression in tubular 

epithelial cells, a finding that has been observed in animal mod-
els [29]. Although the fold changes in creatinine and eGFR cor-
related with histologic evidence of AKI/ATN, they were not sig-
nificantly associated with VIM expression in our cohort. This 
might be because the autopsies were performed at different stages 
of AKI. In fact, we hypothesize that, in some cases, VIM expres-
sion was low because there was not enough time to develop a re-
generative response in the tubules.

The VIM evaluation criteria proposed in our study are based 
on the number of positive tubules (defined as more than 50% of 
the tubular epithelial cells showing positive gold-brown cytoplas-
mic stain within each tubule) in an average of 30 tubules (counted 
randomly within 10 HPFs) and dividing this number by the total 
number of tubules assessed, multiplied by 100. This percentage 
is referred to as the VIM score. A VIM score < 3% signifies low 
VIM expression; a VIM score ≥ 3% signifies high VIM expression. 
After systematic quantification, VIM was an independent predic-
tor for RTR with 18-fold risk. There was no statistically signifi-
cant difference between patients with regard to clinical character-
istics. VIM, also known as fibroblast intermediate filament, is the 
major intermediate filament found in stromal cells [30]. These 
cell types include fibroblasts, endothelial cells, macrophages, 

Table 2. Continued

Variable
Univariate analysis

OR 95% CI p-value

Evidence of AKI
No 1 - -

Yes 7.500 1.023–54.996 .047

Tubulorrhexis
No 1 - -

Yes 0.308 0.044–2.171 .237

Evidence of ATN
No 1 - -

Yes 3.214 0.474–21.800 .232

Evidence of regenerating tubular epithelium
No 1 - -

Yes 18.000 1.632–198.508 .018

Microenvironment features on H&E (cortical)
Reactive/regenerative in AKI 1 - -

Areas with multinucleated cells 0.889 0.061–12.885 .931

Consistent with chronic changes (tubular atrophy/interstitial fibrosis) - - -

No changes - - -

Microenvironment features on PAS (cortical)
No changes 1 - -

Tubulorrhexis 1.333 0.098–18.192 .829

Fragmentation/duplication of basement membrane - - -
Thickened basement membrane - - -

OR, odds ratio; CI, confidence interval; CKD, chronic kidney disease; eGFR, estimated glomerular filtration rate; AKI, acute kidney injury; ATN, acute tubular 
necrosis; H&E, hematoxylin and eosin; PAS, periodic acid–Schiff.
Significant p-value < .05.
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melanocytes, Schwann cells, and lymphocytes [31]. This is in con-
trast to keratin, which is the intermediate filament found in epi-
thelial cells. Studies have shown that undifferentiated cells of the 
metanephric mesenchyme express VIM but not cytokeratins [32]. 
Tubular epithelial cells, however, do not express VIM at any devel-
opmental stage [32]. This supports the notion that the presence 
of VIM-positive cells in the kidney exemplifies the mesenchy-
mal phenotype where cells undergo EMT [33]. A study by Mezni 
et al. [33] demonstrated that tubular expression of VIM is a good 
marker of EMT and can predict long-term renal graft fibrosis.

As we mentioned earlier, there is evidence in the literature of 
renal tubular epithelial regeneration post-injury. A study by Vo-
getseder et al. [34] and another by Fujigaki et al. [19] showed 
that dividing cells in the S3 segment of proximal tubules and 
in the distal tubules had a basolateral expression of Na-K-ATPase 
(a marker of terminal epithelial differentiation) at the same level 
as neighboring non-proliferating cells. These cells survived after 
injury carrying intact nuclei, actively proliferating, and express-
ing VIM. Such cells can be referred to as progenitor cells of the 
kidney [35]. In 2003, Maeshima et al. identified progenitor-like 
cells present throughout the renal tubules of adult rats via BrdU 
labeling [36]. Thereafter, more studies followed, proving the exis-
tence of progenitor/stem cell-like cells in the adult kidney [37,38]. 
Kitamura et al. [37], for instance, isolated a cell line (rKS56) 
with a high proliferative potential from adult rat kidneys. Inter-
estingly, Bussolati et al. [38] recently discovered CD133+ pro-
genitor cells within the adult human kidney and expressing the 
embryonic kidney marker PAX2. Those cells were capable of 
expansion and self-renewal in vitro.

Several studies have described this subpopulation of cells 
having stem cell/progenitor properties different from those of 
normal epithelial cells [29,38,39]. The main markers of this pop-
ulation were CD24, CD133, and VIM. These progenitor cells 
were scattered throughout the proximal tubule in the normal 
human kidney [29]. Compared to conventional epithelial cells, 
progenitor cells contain less cytoplasm, fewer mitochondria, and 
have no brush border [29]. Regenerating tubular epithelium is 
likely a collage of expanded progenitor cells with diverse stages 
of maturation/differentiation. VIM expression in regenerating 
tubules could be secondary to activated transitory EMT pro-
grams prior to full functional and morphologic recovery [29,40]. 
Reviewing the literature on RTR and nephrogenic markers of 
regeneration reveals some pre-clinical in vitro and in vivo studies 
and a few other studies conducted on humans. Hansson et al. 
[41] used transmission electron microscopy, immunoelectron 
microscopy, and immunofluorescence of the human kidney cortex 

to explore progenitor-like cells following injury. Regenerating 
tubules demonstrated expression of progenitor-cell markers such 
as CD133, VIM, KRT19, and CLDN1 [41]. Vansthertem et al. 
[42] showed some regenerating cells in renal tubules after isch-
emia and expressing BrdU, CD44, and VIM could originate from 
an extrarenal source and reach the renal parenchyma via blood 
vessels [42].

Our study demonstrates, with statistically significant evidence 
(p = .018), the correlation between RTR and high VIM expres-
sion. This further supports what has been previously observed in 
other studies regarding the validity of VIM as a potential regen-
erative biomarker. In our study, we found correlation between 
VIM expression and different features of AKI other than histo-
logic findings such as arteriosclerosis, arteriolosclerosis, and glo-
merulosclerosis. The meaning of VIM expression in CKD is 
more ambiguous. Interestingly, VIM-expressing epithelial cells 
are encountered, in addition to CKD, in many other chronic dis-
eases characterized by parenchymal loss and tissue fibrosis, such as 
idiopathic pulmonary fibrosis, cirrhosis, and scleroderma, among 
others [40,43-45]. Persistence of VIM-expressing epithelia has 
been associated with organ dysfunction and fibrogenesis [46]. 
Further studies can elucidate the role of VIM expression in CKD. 

We acknowledge that our study has several limitations. First, 
in the case of an autopsy, searching the entire kidney specimen 
and performing immunohistochemistry on a whole section slide 
is possible, although in practice, one representative section usually 
is submitted and retained for a specific time period (three months 
after the final report for wet tissues in non-forensic autopsies, ac-
cording to the College of American Pathologists recommenda-
tions for the minimum requirements for retention of laboratory 
records and materials [47]). Hence, it is not possible to acquire 
further sections from the kidney specimens. Second, since we used 
kidney tissues from deceased patients, autolysis can alter the reac-
tivity to IHC assays. In a few tested autolyzed tissues, VIM im-
munoreactivity decreases with autolytic changes. Interstitial and 
glomerular stromal cells served as positive internal controls. Third, 
due to the retrospective nature of our study, selection bias and 
performance bias were inevitable. Lastly, our patient cohort was 
selected from a single medical center and was a relatively small 
sample size; therefore, future studies are warranted from multi-
ple centers to verify the results on a larger population of patients. 
Nevertheless, future studies would be of interest to evaluate the 
clinical significance of VIM expression in renal biopsies from liv-
ing patients to assess adequately RTR.
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Conclusion

There is a need to identify novel biomarkers for RTR. Our find-
ings suggest that VIM could serve as an excellent potential IHC 
marker for RTR following AKI in the right clinical and morpho-
logic context, especially important since regenerative responses are 
difficult to appreciate on routine light microscopy. Nonetheless, 
correlation with H&E findings remains critical to exclude chronic 
tubular damage. Collectively, our preliminary results pave the 
way for future studies of larger sample size to validate the use of 
VIM as a reliable biomarker for RTR.

Ethics Statement
All procedures performed in the current study were performed in accor-
dance with the 1964 Helsinki declaration and its later amendments. For-
mal written informed consent and approval by the Institutional Review 
Board (IRB) of Mount Sinai Medical Center of Florida were not required 
since the included patients were deceased at the time of the study. Chart re-
view was carried out by CITI (Collaborative Institutional Training Initiative)-
certified physicians.

Availability of Data and Material 
The datasets generated or analyzed during the study are available from the 
corresponding author on reasonable request.

Code Availability
Not applicable.

ORCID 
Juan Carlos Alvarez Moreno	 https://orcid.org/0000-0001-7517-7044
Hisham F. Bahmad	 https://orcid.org/0000-0003-3799-2595
Christopher A. Febres-Aldana	 https://orcid.org/0000-0002-4754-1344
Andrés Pirela	 https://orcid.org/0000-0001-5884-4909
Andres Azuero	 https://orcid.org/0000-0002-4601-8383
Ali Salami	 https://orcid.org/0000-0003-3343-4035
Robert Poppiti	 https://orcid.org/0000-0003-2561-2583

Author Contributions  
Conceptualization: RP. Data curation: JCAM, HFB, AP, AA. Formal analy-
sis: AS. Investigation: JCAM, HFB, CAFA, AP, AA. Methodology: JCAM, 
HFB, AS. Project administration: RP, JCAM. Resources: JCAM. Software: 
AS. Supervision: RP. Validation: CAFA, RP. Visualization: JCAM, HFB, 
CAFA, RP. Writing—original draft: JCAM, HFB. Writing—review & edit-
ing: CAFA, AP, AA. Approval of final manuscript: all authors.

Conflicts of Interest
The authors declare that they have no potential conflicts of interest.

Funding Statement
No funding to declare.

References
1.	Eknoyan G, Agodoa L. On improving outcomes and quality of di-

alysis care, and more. Am J Kidney Dis 2002; 39: 889-91.
2.	Makris K, Spanou L. Acute kidney injury: definition, pathophysiol-

ogy and clinical phenotypes. Clin Biochem Rev 2016; 37: 85-98.
3.	Akcay A, Turkmen K, Lee D, Edelstein CL. Update on the diagno-

sis and management of acute kidney injury. Int J Nephrol Renovasc 
Dis 2010; 3: 129-40.

4.	Basile DP, Anderson MD, Sutton TA. Pathophysiology of acute kid-
ney injury. Compr Physiol 2012; 2: 1303-53.

5.	Sawhney S, Fraser SD. Epidemiology of AKI: utilizing large data-
bases to determine the burden of AKI. Adv Chronic Kidney Dis 
2017; 24: 194-204.

6.	Siew ED, Davenport A. The growth of acute kidney injury: a rising 
tide or just closer attention to detail? Kidney Int 2015; 87: 46-61.

7.	Hoste EA, Kellum JA, Selby NM, et al. Global epidemiology and 
outcomes of acute kidney injury. Nat Rev Nephrol 2018; 14: 607-25.

8.	Pugh D, Gallacher PJ, Dhaun N. Management of hypertension in 
chronic kidney disease. Drugs 2019; 79: 365-79.

9.	Schoolwerth AC, Sica DA, Ballermann BJ, Wilcox CS; Council on 
the Kidney in Cardiovascular Disease and the Council for High 
Blood Pressure Research of the American Heart Association. Renal 
considerations in angiotensin converting enzyme inhibitor therapy: 
a statement for healthcare professionals from the Council on the 
Kidney in Cardiovascular Disease and the Council for High Blood 
Pressure Research of the American Heart Association. Circulation 
2001; 104: 1985-91.

10.	Rosen S, Stillman IE. Acute tubular necrosis is a syndrome of physio-
logic and pathologic dissociation. J Am Soc Nephrol 2008; 19: 871-5.

11.	Berger K, Moeller MJ. Mechanisms of epithelial repair and regen-
eration after acute kidney injury. Semin Nephrol 2014; 34: 394-403.

12.	Wen Y, Yang C, Menez SP, Rosenberg AZ, Parikh CR. A systematic 
review of clinical characteristics and histologic descriptions of acute 
tubular injury. Kidney Int Rep 2020; 5: 1993-2001.

13.	Toback FG. Regeneration after acute tubular necrosis. Kidney Int 
1992; 41: 226-46.

14.	Bonventre JV. Dedifferentiation and proliferation of surviving epi-
thelial cells in acute renal failure. J Am Soc Nephrol 2003; 14 Suppl 
1: S55-61.

15.	Andrianova NV, Buyan MI, Zorova LD, et al. Kidney cells regener-
ation: dedifferentiation of tubular epithelium, resident stem cells 
and possible niches for renal progenitors. Int J Mol Sci 2019; 20: 
6326.

16.	Solez K, Morel-Maroger L, Sraer JD. The morphology of “acute tu-
bular necrosis” in man: analysis of 57 renal biopsies and a compari-
son with the glycerol model. Medicine (Baltimore) 1979; 58: 362-76.

17.	Molitoris BA, Hoilien CA, Dahl R, Ahnen DJ, Wilson PD, Kim J. 
Characterization of ischemia-induced loss of epithelial polarity. J 
Membr Biol 1988; 106: 233-42.

18.	Witzgall R, Brown D, Schwarz C, Bonventre JV. Localization of 
proliferating cell nuclear antigen, vimentin, c-Fos, and clusterin in 
the postischemic kidney. Evidence for a heterogenous genetic re-
sponse among nephron segments, and a large pool of mitotically ac-
tive and dedifferentiated cells. J Clin Invest 1994; 93: 2175-88.

19.	Fujigaki Y, Goto T, Sakakima M, et al. Kinetics and characterization 
of initially regenerating proximal tubules in S3 segment in response 
to various degrees of acute tubular injury. Nephrol Dial Transplant 
2006; 21: 41-50.

20.	Frazier KS, Seely JC, Hard GC, et al. Proliferative and nonprolifera-
tive lesions of the rat and mouse urinary system. Toxicol Pathol 2012; 
40(4 Suppl): 14S-86S.

21.	Schena FP. Role of growth factors in acute renal failure. Kidney Int 
Suppl 1998; 66: S11-5.

22.	Devarajan P, Mishra J, Supavekin S, Patterson LT, Steven Potter S. 



https://jpatholtm.org/https://doi.org/10.4132/jptm.2021.08.03

Vimentin expression in AKI  •     379

Gene expression in early ischemic renal injury: clues towards patho-
genesis, biomarker discovery, and novel therapeutics. Mol Genet 
Metab 2003; 80: 365-76.

23.	 Joh K, Muso E, Shigematsu H, et al. Renal pathology of ANCA-re-
lated vasculitis: proposal for standardization of pathological diagno-
sis in Japan. Clin Exp Nephrol 2008; 12: 277-91.

24.	Textor SC. Pathophysiology of renal artery disease. In: Creager 
MA, Beckman JA, Loscalzo J, eds. Vascular medicine: a companion 
to Braunwald's heart disease. 2nd ed. Philadelphia: W.B. Saunders, 
2013; 285-95.

25.	Breshears MA, Confer AW. The urinary system. In: Zachary JF, ed. 
Pathologic basis of veterinary disease. St. Louis: Elsevier, 2017: 617-
81.

26.	Mehendiratta M, Bishen KA, Boaz K, Mathias Y. Ghost cells: a 
journey in the dark. Dent Res J (Isfahan) 2012; 9(Suppl 1): S1-8.

27.	Gonlusen G, Ergin M, Paydas S, Tunali N. The expression of cyto-
skeletal proteins (alpha-SMA, vimentin, desmin) in kidney tissue: a 
comparison of fetal, normal kidneys, and glomerulonephritis. Int 
Urol Nephrol 2001; 33: 299-305.

28.	 Inker LA, Shaffi K, Levey AS. Estimating glomerular filtration rate 
using the chronic kidney disease-epidemiology collaboration creati-
nine equation: better risk predictions. Circ Heart Fail 2012; 5: 303-6.

29.	Smeets B, Boor P, Dijkman H, et al. Proximal tubular cells contain a 
phenotypically distinct, scattered cell population involved in tubular 
regeneration. J Pathol 2013; 229: 645-59.

30.	Robinson-Bennett B, Han A. Role of immunohistochemistry in elu-
cidating lung cancer metastatic to the ovary from primary ovarian 
carcinoma. In: Hayat MA, ed. Handbook of immunohistochemistry 
and in situ hybridization of human carcinomas. Amsterdam: Else-
vier Academic Press, 2006; 537-45.

31.	Kokkinos MI, Wafai R, Wong MK, Newgreen DF, Thompson EW, 
Waltham M. Vimentin and epithelial-mesenchymal transition in 
human breast cancer: observations in vitro and in vivo. Cells Tissues 
Organs 2007; 185: 191-203.

32.	Holthofer H, Miettinen A, Lehto VP, Lehtonen E, Virtanen I. Ex-
pression of vimentin and cytokeratin types of intermediate filament 
proteins in developing and adult human kidneys. Lab Invest 1984; 
50: 552-9.

33.	Mezni I, Xu-Dubois Y, Galichon P, et al. Tubular expression of vi-
mentin as a biomarker of kidney graft fibrogenesis: invasive and 

noninvasive measurements: abstract# A22. Transplantation 2014; 
98: 877.

34.	Vogetseder A, Karadeniz A, Kaissling B, Le Hir M. Tubular cell pro-
liferation in the healthy rat kidney. Histochem Cell Biol 2005; 124: 
97-104.

35.	Chambers BE, Wingert RA. Renal progenitors: roles in kidney dis-
ease and regeneration. World J Stem Cells 2016; 8: 367-75.

36.	Maeshima A, Yamashita S, Nojima Y. Identification of renal progen-
itor-like tubular cells that participate in the regeneration processes 
of the kidney. J Am Soc Nephrol 2003; 14: 3138-46.

37.	Kitamura S, Yamasaki Y, Kinomura M, et al. Establishment and char-
acterization of renal progenitor like cells from S3 segment of nephron 
in rat adult kidney. FASEB J 2005; 19: 1789-97.

38.	Bussolati B, Bruno S, Grange C, et al. Isolation of renal progenitor 
cells from adult human kidney. Am J Pathol 2005; 166: 545-55.

39.	Kim K, Lee KM, Han DJ, Yu E, Cho YM. Adult stem cell-like tubu-
lar cells reside in the corticomedullary junction of the kidney. Int J 
Clin Exp Pathol 2008; 1: 232-41.

40.	Cheaito KA, Bahmad HF, Hadadeh O, et al. EMT markers in local-
ly-advanced prostate cancer: predicting recurrence? Front Oncol 
2019; 9: 131.

41.	Hansson J, Hultenby K, Cramnert C, et al. Evidence for a morpho-
logically distinct and functionally robust cell type in the proximal 
tubules of human kidney. Hum Pathol 2014; 45: 382-93.

42.	Vansthertem D, Caron N, Decleves AE, et al. Label-retaining cells 
and tubular regeneration in postischaemic kidney. Nephrol Dial 
Transplant 2008; 23: 3786-97.

43.	Wolters PJ, Collard HR, Jones KD. Pathogenesis of idiopathic pul-
monary fibrosis. Annu Rev Pathol 2014; 9: 157-79.

44.	Lee SJ, Yoo JD, Choi SY, Kwon OS. The expression and secretion of 
vimentin in the progression of non-alcoholic steatohepatitis. BMB 
Rep 2014; 47: 457-62.

45.	Li FJ, Surolia R, Li H, et al. Autoimmunity to vimentin is associated 
with outcomes of patients with idiopathic pulmonary fibrosis. J Im-
munol 2017; 199: 1596-605.

46.	Danielsson F, Peterson MK, Caldeira Araujo H, Lautenschlager F, 
Gad AK. Vimentin diversity in health and disease. Cells 2018; 7: 147.

47.	CAP Policy Manual: Policy PP. Minimum period of retention of 
laboratory records and materials. Northfield: College of American 
Pathologists, 2020.



380

pISSN 2383-7837
eISSN 2383-7845

© 2021 The Korean Society of Pathologists/The Korean Society for Cytopathology
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (https://creativecommons.org/licenses/ 

by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

A multicenter study of interobserver variability in pathologic diagnosis 
of papillary breast lesions on core needle biopsy with WHO classification

Hye Ju Kang1, Sun Young Kwon2, Ahrong Kim3, Woo Gyeong Kim4, Eun Kyung Kim5, Ae Ree Kim6, Chungyeul Kim6, 
Soo Kee Min7, So Young Park8, Sun Hee Sung9, Hye Kyoung Yoon10, Ahwon Lee11, Ji Shin Lee12, Hyang Im Lee13, 

Ho Chang Lee14, Sung Chul Lim15, Sun Young Jun16, Min Jung Jung17, Chang Won Jung18, Soo Youn Cho19, 
Eun Yoon Cho19, Hye Jeong Choi20, So Yeon Park21, Jee Yeon Kim22, In Ae Park23, Youngmee Kwon1

1Department of Pathology, National Cancer Center, Goyang; 
2Department of Pathology, Keimyung University Dongsan Medical Center, Daegu; 

3Department of Pathology, Pusan National University Hospital, Busan; 
4Department of Pathology, Inje University Haeundae Paik Hospital, Busan; 

5Department of Pathology, Eulji University Hospital, Seoul; 
6Department of Pathology, Korea University Guro Hospital, Seoul; 

7Department of Pathology, Hallym University Sacred Heart Hospital, Anyang; 
8Department of Pathology, MizMedi Hospital, Seoul;  

9Department of Pathology, Ewha Womans University Mokdong Hospital, Seoul; 
10Department of Pathology, Inje University Busan Paik Hospital, Busan; 

11Department of Pathology, Seoul St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Seoul; 
12Department of Pathology, Chonnam National University Hwasun Hospital, Hwasun; 

13Department of Pathology, Gyeongsang National University Changwon Hospital, Changwon; 
14Department of Pathology, Chungbuk National University Hospital, Cheongju; 

15Department of Pathology, Chosun University Hospital, Gwangju; 
16Department of Pathology, Incheon St. Mary’s Hospital, College of Medicine, The Catholic University of Korea, Incheon; 

17Department of Pathology, Kosin University Gospel Hospital, Busan; 
18Department of Pathology, Green Cross Laboratories, Yongin; 

19Department of Pathology, Sungkyunkwan University Samsung Medical Center, Seoul; 
20Department of Pathology, Ulsan University Hospital, Ulsan; 

21Department of Pathology, Seoul National University Bundang Hospital, Seongnam; 
22Department of Pathology, Pusan National University Yangsan Hospital, Yangsan; 

23Department of Pathology, Seoul National University Hospital, Seoul, Korea

Background: Papillary breast lesions (PBLs) comprise diverse entities from benign and atypical lesions to malignant tumors. Although 
PBLs are characterized by a papillary growth pattern, it is challenging to achieve high diagnostic accuracy and reproducibility. Thus, we 
investigated the diagnostic reproducibility of PBLs in core needle biopsy (CNB) specimens with World Health Organization (WHO) clas-
sification. Methods: Diagnostic reproducibility was assessed using interobserver variability (kappa value, κ) and agreement rate in the 
pathologic diagnosis of 60 PBL cases on CNB among 20 breast pathologists affiliated with 20 medical institutions in Korea. This analy-
sis was performed using hematoxylin and eosin (H&E) staining and immunohistochemical (IHC) staining for cytokeratin 5 (CK5) and p63. 
The pathologic diagnosis of PBLs was based on WHO classification, which was used to establish simple classifications (4-tier, 3-tier, 
and 2-tier). Results: On WHO classification, H&E staining exhibited ‘fair agreement’ (κ = 0.21) with a 47.0% agreement rate. Simple clas-
sifications presented improvement in interobserver variability and agreement rate. IHC staining increased the kappa value and agree-
ment rate in all the classifications. Despite IHC staining, the encapsulated/solid papillary carcinoma (EPC/SPC) subgroup (κ = 0.16) ex-
hibited lower agreement compared to the non-EPC/SPC subgroup (κ = 0.35) with WHO classification, which was similar to the results of 
any other classification systems. Conclusions: Although the use of IHC staining for CK5 and p63 increased the diagnostic agreement of 
PBLs in CNB specimens, WHO classification exhibited a higher discordance rate compared to any other classifications. Therefore, this 
result warrants further intensive consensus studies to improve the diagnostic reproducibility of PBLs with WHO classification.
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Papillary breast lesions (PBLs) encompass a broad spectrum 
of proliferative diseases that account for less than 3% of breast 
tumors [1-3]. The histologic features of PBLs include mass-like 
projections attached to the wall of the dilated ducts and have a 
fibrovascular stalk lined by epithelial cells. PBLs can be both be-
nign and malignant lesions, representing less than 10% of benign 
breast lesions and less than 2% of all breast cancers [4,5], respec-
tively. 

Ultrasound-guided core needle biopsy (CNB) is universally 
used in the initial pathologic approach for suspicious radiologic 
findings in breast lesions. PBLs constitute approximately 4.5% 
to 10.7% of breast lesions diagnosed on CNB [6,7]. The 5th 
edition of the WHO classification of tumors of the breast is the most 
recently updated version for pathologically diagnosing PBLs 
[8]. Compared with the 4th edition of the WHO classification of 
tumors of the breast there have been little or no changes since 
2012 in terms of the diagnostic criteria and classification of 
PBLs [8,9]. However, differential diagnosis of PBLs remains 
challenging due to the limited samples obtained from CNB. 
The difficulty in pathologic diagnosis of PBLs increases due to 
the broad spectrum of histological findings and subtle differ-
ences exemplifying each category [1-3]. Moreover, the lack of 
reliable and reproducible criteria of its diagnosis and classifica-
tion may limit diagnostic accuracy [10]. 

Several studies have sought to promote the interpretation re-
producibility of PBLs among pathologists as an endeavor to im-
prove diagnostic accuracy. Immunohistochemical (IHC) staining 
has significantly increased diagnostic agreement rates among 
pathologists who have exhibited unsatisfactory findings on he-
matoxylin and eosin (H&E) staining [11-13]. These studies 
suggest that additional histopathologic modalities are poten-
tially useful in increasing the diagnostic agreement rate. None-
theless, these studies have limitations in generalization because 
their results were derived from analysis among very few pathol-
ogists from a single institution [11-13]. Moreover, there is little 
data about the agreement rate of PBLs based on the WHO clas-
sification. 

To evaluate the diagnostic reproducibility of PBLs on CNB 
based on the WHO classification, we investigated the interob-
server variability among 20 breast pathologists working in 20 
medical institutions. We intended to compare the interobserver 
variability between H&E and IHC stains and specify the diag-
nostic pitfalls in the differential diagnosis of challenging cases. 

MATERIALS AND METHODS

Study design and case selection

We evaluated the interobserver variability and agreement rates 
in 60 PBL cases on CNB among 20 breast pathologists affiliated 
with 20 medical institutions in Korea. Sixty PBL cases were re-
cruited from 20 medical institutions that participated in this 
study. The consensus meeting of the Korean Breast Pathology 
Study Group (KBPSG) verified and determined the pathologic 
diagnosis of 60 PBL cases on CNB. Fig. 1 displays the compo-
sition of pathologic diagnoses in all 60 PBL cases. Each case 
constitutes one H&E and two IHC stained slides for both cyto-
keratin 5 (CK5) and p63. Initially, 60 H&E-stained slides were 
circulated to 20 breast pathologists for review. Subsequently, 
IHC stained slides for CK5 and p63 in the same 60 cases were 
circulated to the same 20 breast pathologists and re-reviewed. 
Interobserver variability and agreement rates were analyzed for 
the pathologic diagnosis of PBLs in H&E and IHC stains. Ad-
ditionally, we conducted a detailed review of the challenging 
cases of differential diagnoses observed among our 60 PBL cases. 

Diagnostic classification of PBLs

Pathologic classification of PBLs was conducted based on the 
4th edition of the WHO classification of tumors of the breast [9]. In 
this classification [9], the PBLs were classified into 10 categories 

PCIS 
3 (5%)

SPC in situ 
3 (5%)

SPC with invasion 
1 (2%)

IDP 
26 (43%)

IDP with ADH 
9 (15%)

IDP with DCIS 
10 (17%)

EPC 
8 (13%)

Fig. 1. Composition of the pathologic diagnosis in all 60 papillary 
breast lesions. SPC, solid papillary carcinoma; IDP, intraductal 
papilloma; ADH, atypical ductal hyperplasia; DCIS, ductal carcino-
ma in situ; PCIS, papillary carcinomas in situ; EPC, encapsulated 
papillary carcinoma; SPC, solid papillary carcinoma.
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comprising intraductal papillomas (IDP), IDPs with atypical 
ductal hyperplasia (ADH), IDPs with ductal carcinomas in situ 
(DCIS), IDPs with lobular carcinomas in situ (LCIS), papillary 
carcinomas in situ (PCIS), encapsulated papillary carcinomas 
(EPC), solid papillary carcinomas (SPC), EPCs with invasion, 
SPCs with invasion, and invasive papillary carcinomas (IPC). Of 
the WHO classification, intraductal papillary neoplasms (IDPN) 
were defined as a category including IDP, IDP with ADH, IDP 
with DCIS, IDP with LCIS, and PCIS. EPC and SPC were cat-
egorized into EPC/SPC. 

In addition, using the WHO classification, we created simple 
classifications of PBL using 4-tier, 3-tier, and 2-tier systems as 
follows: 4-tier consisted of benign, atypical, in situ, and invasive; 
3-tier consisted of benign, in situ, and invasive; 2-tier consisted of 
benign and malignant (Table 1). For instance, if EPC was diag-
nosed, it was categorized into in situ in the 4-tier system and ma-
lignant in the 2-tier system. 

Immunohistochemistry

For each CNB specimen of cases, IHC staining for CK5 and 
p63 was performed. IHC staining for CK5 was conducted using 
antibodies against CK5 (XM26, Leica Biosystems, Newcastle 
upon Tyne, UK) with 1:200 antibody dilution and a detection 
kit (Ivew DAB kit, Ventana, Tucson, AZ, USA). IHC staining 
for p63 was performed using antibodies against p63 (BC4A4, 
Biocare Medical, Pacheco, CA, USA) with 1:100 antibody dilu-
tion and a detection kit (Ultraview DAB kit, Ventana). Accord-
ing to the manufacturer’s protocol, all the procedures of IHC 
staining were processed by a Ventana BenchMark XT system 
(Ventana). 

Statistical analysis

Fleiss’s kappa values for interobserver variability were used in 
analyzing diagnostic reproducibility in H&E and IHC staining 
among 20 breast pathologists. Interobserver variability was clas-
sified into five categories (0.00–0.20, poor; 0.21–0.40, fair; 0.41–
0.60, moderate; 0.61–0.80, substantial; and 0.81–1.00, excellent 
agreement) to identify the level of reproducibility. Additionally, 
the average of the agreement rates in H&E and IHC staining of 
60 cases was calculated in four diagnostic classifications. The 
agreement rate was determined by the proportion of pathologic 
diagnosis from 20 pathologists that was consistent with that from 
the consensus meeting of KBPSG. Statistical analyses were per-
formed using STATA ver. 16.0 (StataCorp LP, College Station, 
TX, USA).

RESULTS

Interobserver variability and agreement rates in H&E and IHC 
staining in each classification are presented in Table 2. In the 
WHO classification, H&E staining exhibited ‘fair agreement’ 
(κ = 0.21). Kappa values increased inversely with the number of 
categories in the diagnostic classification (4-tier: κ =0.31, 3-tier: 
κ =0.42, and 2-tier: κ =0.44). IHC staining improved the in-
terobserver variability in all classifications. In IHC staining, 
overt improvement in reproducibility was observed in 4-tier (‘fair 
agreement’ to ‘moderate agreement’) and 2-tier (‘moderate agree-
ment’ to ‘substantial agreement’). The agreement rate also exhib-
ited similar findings with kappa values for interobserver variability. 
The agreement rate was generally higher in IHC staining com-
pared to H&E staining in all classifications. Within the same 
staining methods, simpler diagnostic classification tended to have 
a higher agreement rate. 

Fig. 2 shows the interobserver variability in H&E staining 
for all 60 PBL cases, IDPN, and EPC/SPC in each classification. 
There were 48 cases of IDPN and 12 cases of EPC/SPC in this 

Table 1. Diagnostic categories for PBL in the WHO, 4-tier, 3-tier, 
and 2-tier classifications

WHO 4-tier 3-tier 2-tier

Intraductal papilloma Benign Benign Benign
IDP with ADH Atypical 
IDP with DCIS In situ In situ Malignant
IDP with LCIS 

Papillary carcinoma in situ 
Encapsulated papillary carci-
noma  
Solid papillary carcinoma 
EPC with invasion Invasive Invasive
SPC with invasion 
Invasive papillary carcinoma 

PBL, papillary breast lesion; WHO, World Health Organization; IDP, intra-
ductal papilloma; ADH, atypical ductal hyperplasia; DCIS, ductal carcinoma 
in situ; LCIS, lobular carcinoma in situ; EPC, encapsulated papillary carci-
noma; SPC, solid papillary carcinoma.

Table 2. The interobserver variability and agreement rates in H&E 
and IHC staining of 60 PBL cases in each diagnostic classification

Diagnostic classification
H&E staining IHC staining

κ Agreement 
rate (%)

κ Agreement 
rate (%)

WHO 0.21 47.0 0.37 60.5 
4-tier 0.31 63.3 0.51 76.4 
3-tier 0.42 76.7 0.56 84.3 
2-tier 0.44 80.0 0.62 87.5 

H&E, hematoxylin and eosin; IHC, immunohistochemistry; PBL, papillary 
breast lesion; WHO, World Health Organization classification; 4-tier, 4-tier 
classification; 3-tier, 3-tier classification; 2-tier, 2-tier classification.
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Fig. 3. Interobserver variability in the pathologic diagnoses of all 60 papillary breast lesions cases, intraductal papillary neoplasms (IDPN), 
and encapsulated/solid papillary carcinoma (EPC/SPC) with immunohistochemical staining in all classifications. WHO, World Health Organi-
zation classification; 4-tier, 4-tier classification; 3-tier, 3-tier classification; 2-tier, 2-tier classification.

Fig. 2. Interobserver variability in the pathologic diagnoses of all 60 papillary breast lesions cases, intraductal papillary neoplasms (IDPN), 
and encapsulated/solid papillary carcinoma (EPC/SPC) with hematoxylin and eosin staining in all classifications. WHO, World Health Organi-
zation classification; 4-tier, 4-tier classification; 3-tier, 3-tier classification; 2-tier, 2-tier classification.

study. Kappa values for IDPN and EPC/SPC were lower than 
that for all 60 PBL cases in all classifications. IDPN had lower 
reproducibility than all the 60 PBL cases, despite the same repro-
ducibility (‘fair agreement’) in 4-tier. EPC/SPC exhibited the low-
est kappa value with ‘poor agreement’ (WHO: κ = 0.13, 4-tier: 
κ = 0.03, 3-tier: κ = 0.05, and 2-tier: κ = 0.05). 

IHC staining generally improved the interobserver reliability 
in all 60 PBL cases and IDPN in all classifications (Fig. 3). The 

reproducibility of IDPN improved to the same level of all 60 
PBL cases except that in 2-tier (all 60 PBL cases: ‘substantial 
agreement’ and IDPN: ‘moderate agreement’). However, the 
kappa values were lowest in EPC/SPC with ‘poor agreement’ 
(WHO: κ = 0.16, 4-tier: κ = 0.04, 3-tier: κ = 0.05, and 2-tier: 
κ = 0.06) similar to that in H&E staining, which demonstrated 
that IHC staining did not improve the diagnostic agreement of 
EPC/SPC in contrast with all 60 PBL cases and IDPN.
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In our 60 cases, five cases were particularly challenging for 
differential diagnosis with a relatively high discordance rate (Ta-
ble 3). The presence of apocrine metaplasia (Supplementary Fig. 
S1) and flat epithelial atypia-like features (Supplementary Fig. 
S2) made it difficult to distinguish benign from malignant in-
traductal lesions. Regarding the differential diagnosis between 
in situ and invasive lesions, we found three challenging cases in-
cluding one large cystic mass with no myoepithelial cells along 
the papillae (Supplementary Fig. S3), one with a solid multi-
nodular pattern and smooth contours (Supplementary Fig. S4), 
and one with a predominant solid multinodular and jigsaw pat-
tern (Supplementary Fig. S5). 

DISCUSSION

For 60 PBL cases obtained from CNB, we assessed the in-
terobserver variability and agreement rates in pathologic diagno-
ses among 20 breast pathologists. In an analysis with the WHO 
classification, pathologic diagnosis in H&E staining showed ‘fair 
agreement’ (κ = 0.21) with an agreement rate of 47.0%. This re-
sult is comparable to those of previous studies in line with ours. 
In H&E staining for 57 cases of PBLs, three pathologists dem-
onstrated a substantial agreement (κ = 0.79) in reproducibility 

and an 86% agreement rate with seven diagnostic categories 
[11]. Additionally, an analysis with five diagnostic categories 
indicated moderate agreement (κ = 0.54) and a 44% agreement 
rate in 129 PBL cases by H&E staining among four patholo-
gists [12].

Compared with the previous results, it seems that our kappa 
values and agreement rates are relatively low. The plausible ex-
planations for this finding may be the number of pathologists 
and the complexity of the diagnostic categories. Our study was 
performed to assess interobserver variability within 10 diagnostic 
categories among 20 pathologists. The number of pathologists 
and diagnostic categories is greater than those of other studies 
conducted with three pathologists with seven categories [11] and 
four pathologists with five categories [12].

It seems that the greater number of pathologists makes it 
harder to obtain a consistent diagnosis for any lesion compared 
to fewer pathologists. Moreover, a more complicated diagnostic 
category contributes to lower reproducibility as found in our 
study. We observed improved reproducibility in simple diag-
nostic categories, showing the highest kappa value (0.44) and 
agreement rate (80.0%) in 2-tier. Additionally, the characteris-
tics of diagnostic classification may contribute to the change of 
reproducibility in our study. The WHO classification features 

Table 3. Examples of challenging cases and their challenging points with diagnostic agreement rates in IHC staining among 20 breast pa-
thologists

Challenging case Challenging point (%) Diagnosis (agreement rate, n/20) 

Apocrine metaplasia Benign (55) IDP (30%, 6/20)
IDP with ADH (25%, 5/20)

Malignant (45) IDP with DCIS (35%, 7/20)
PCIS (10%, 2/20) 

Flat epithelial atypia-like features Benign (30) IDP with ADH (30%, 6/20)
Malignant (70) IDP with DCIS (35%, 7/20)

PCIS (20%, 4/20)
EPC (15%, 3/20) 

Large cystic pattern with fibrous capsule but no or rare myoepithelial cells In situ (95) IDP with DCIS (5%, 1/20)
PCIS (70%, 14/20)
EPC (20%, 4/20)

Invasive (5) IPC (5%, 1/20)
Solid multinodular pattern with smooth contours but no or rare myoepithelial cells In situ (65) EPC (5%, 1/20)

SPC in situ (60%, 12/20)
Invasive (35) SPC invasive (30%, 6/20)

IPC (5%, 1/20)
Solid multinodular and jigsaw pattern with ragged contours but no myoepithelial cells In situ (75) PCIS (20%, 4/20)

EPC (40%, 8/20)
SPC in situ (15%, 3/20)

Invasive (25) SPC invasive (10%, 2/20)
IPC (15%, 3/20)

IHC staining, immunohistochemical staining for CK5 and p63; IDP, intraductal papilloma; ADH, atypical ductal hyperplasia; DCIS, ductal carcinoma in situ; 
PCIS, papillary carcinoma in situ; EPC, encapsulated papillary carcinoma; IPC, invasive papillary carcinoma; SPC, solid papillary carcinoma. 
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determinacy in diagnosis. However, the pathology category 
classification (B1-B5) published by the UK National Health 
Service Breast Screening Programme (NHSBSP) allows for 
probability in differential diagnosis [14]. In practice, the use of 
these reporting systems exhibited higher reproducibility (κ = 

0.54) compared to our study (κ = 0.21) [12]. Therefore, it is as-
sumed that the adoption of this diagnostic classification would 
lead to the higher reproducibility in our cases. 

Elmore et al. [15] investigated the concordance rate of the 
pathologic diagnosis of non-PBLs on CNB among 115 patholo-
gists recruited from eight U.S. states with consensus-derived 
reference diagnoses. Their study showed that the overall concor-
dance rate was 75.3% (95% confidence interval, 73.4% to 77.0%; 
5,194 of 6,900 interpretations). The diagnostic concordance rate 
on CNB is lower in PBLs (63.3% in our study and 44% in the 
previous study [12]) compared to non-PBLs (75.3%) with similar 
diagnostic categories despite fewer pathologists, indicating more 
complicated diagnostic difficulty in PBLs.

Multicenter studies are thought to be superior to single-cen-
ter studies in presenting generalized results in breast pathology. 
However, to my knowledge, there has been no multicenter 
study examining the reproducibility of PBLs [15]. In contrast, 
our study was conducted for 20 pathologists from 20 multiple 
medical institutions, conferring more generalizability on our 
findings in PBLs. Additionally, it is noted that our results were 
derived from breast pathologists. One study indicated that 
breast pathologists are more accurate in diagnosing CNB guided 
PBLs compared to non-breast pathologists [13]. In that study, 
interobserver variability was ‘fair agreement’ (κ = 0.38) between 
the breast pathologists and non-breast pathologists. Therefore, 
our results suggest the difficulty in diagnosing PBLs even in 
breast pathologists, warranting improving diagnostic accuracy 
for PBLs.

IHC staining increases diagnostic accuracy and improves in-
terobserver variability [16]. CK5 is used in distinguishing be-
tween hyperplastic and neoplastic epithelial proliferation in 
PBLs [17,18]. p63 is a nuclear protein that is specific for myo-
epithelial cells without manifestation in blood vessels and myo-
fibroblasts [19,20]. IHC staining helps to make an accurate diag-
nosis on PBLs through the ability of CK5 and p63 in identifying 
monoclonal epithelial proliferation and the presence of myoepi-
thelial cells [17,21], respectively. Our study also showed that 
the application of IHC staining generally improved interobserver 
variability and agreement rates in diagnosing PBLs. Nonethe-
less, it is noted that the utilization of IHC staining is limited in 
EPC/SPC with very low kappa values.

EPC and SPC are distinctive variants of PCIS, each account-
ing for < 1% of breast carcinomas [22]. Morphological differen-
tiation in H&E staining has a decisive role in diagnosing EPC/
SPC because IHC staining is less helpful. Despite differential 
points including cystic versus solid and single versus multiple in 
morphology [23], some cases on CNB practically exhibit over-
laps like a transition from single to multiple ductal lesions and 
cystic to solid appearance with a gradual cystic filling of prolif-
eration [24]. Additionally, definitive cut-off criteria have yet to 
be determined, which may decrease the diagnostic agreement 
rates among pathologists. Supplementary Table S1 presents the 
distribution of histologic patterns and pathologic diagnoses of 
12 EPC/SPC cases based on 2-tier or 4-tier classifications, re-
vealing that most pathologists diagnosed most EPC/SPC cases 
as malignant in 2-tier classification. Nonetheless, it is interest-
ing that kappa values remained low in 2-tier classification for 
EPC and SPC. This was attributed to the technical limitations 
of the formula used to calculate kappa values. In cases where the 
observed agreement was asymmetrically lopsided, kappa values 
can be drastically lowered due to increased chance agreement 
rates [25]. Therefore, the tipping effect of lopsided pathologic diag-
noses by 20 pathologists induced low kappa values even in 2-tier 
classification. 

We intended to describe five challenging histologic patterns 
of PBL with diagnostic pitfalls even in IHC staining, specifically 
apocrine metaplasia, flat epithelial atypia-like features, large 
cystic masses with no myoepithelial cells along the papillae, and 
predominant solid multinodular masses with smooth contours 
or jigsaw patterns. Benign PBLs are often exaggerated by the pres-
ence of apocrine metaplasia [10]. Apocrine metaplasia is charac-
terized by abundant eosinophilic cytoplasm with CK5 (–) and a 
lack of myoepithelial cells with p63 (–) [26,27]. Therefore, the 
first case with apocrine metaplasia confounded the distinction 
between benign and malignant intraductal lesions, leading to a 
diagnostic disagreement even in IHC staining. The WHO clas-
sification defined flat epithelial atypia as columnar cell lesions 
with nuclear atypia [9]. In contrast with non-PBLs, no definite 
concept of flat epithelial atypia associated with PBLs has been 
suggested or proposed until now. In the second case with flat ep-
ithelial atypia-like features, we observed a high proportion of di-
agnosis in IDP with ADH (30%) and IDP with DCIS (35%). 
This heterogeneous diagnosis may be attributable to the difficulty 
in determining the size (≥ 3 mm in DCIS or < 3 mm in ADH) of 
histologically identical epithelial proliferation [10]. The third case 
with a large cystic pattern revealed that PCIS was the most com-
mon diagnosis (70%), followed by EPC (20%). EPC is histo-
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logically similar to PCIS in some ways, but EPC is character-
ized by a single cystic or nodular pattern without myoepithelial 
cells along the papillae and at the periphery, occasionally form-
ing a thick fibrous capsule [10]. The helpful point of distinguish-
ing PCIS from EPC is the presence of myoepithelial cells at the 
periphery of the PCIS [28]. However, our case presented com-
pletely CK5 (–) and sparsely and focally p63 (+) at the periphery, 
potentially leading to diagnostic disagreement. It is important 
to differentiate between in situ and invasive lesions for the man-
agement and prognostication of PBLs [24]. In the fourth case with 
a solid multinodular pattern, there were smooth contours and 
focal suspected microinvasions without immunoreactivity of 
both CK5 and p63. Although SPC occupied 90% of diagnoses, 
it was classified as both in situ (60%) and invasive (30%). The 
fifth case with a solid multinodular and jigsaw pattern was chal-
lenging to distinguish between in situ and invasive lesions. More-
over, a solid multinodular pattern suggested SPC, but a frag-
mented lesion may be misinterpreted as one that fell out of a 
cystic lesion reminiscent of EPC. Limited materials and frag-
mented samples in CNB specimens may be the main factors con-
tributing to these disagreements of diagnoses. Interestingly, all 
12 cases of EPC/SPC were categorized to the latter three histo-
logic patterns for not only challenging but also helping differ-
ential diagnoses as shown in Supplementary Table S1. In papil-
lary carcinomas that were difficult to differentiate between in 
situ and invasive lesions, such as the above fourth and fifth cases, 
it is recommended to diagnose them as PCIS or of uncertain in-
vasiveness on CNB to avoid overtreatment, especially in the cur-
rent era of preoperative (neoadjuvant) chemotherapy.

Our study has some limitations. First, we could not include very 
rare cases such as IDP with LCIS, EPC with invasion, and IPC be-
cause of their extreme rarity especially on CNB. Therefore, PBL 
cases included in this study actually belong to seven categories 
as shown in Fig. 1 in contrast to 10 categories of the WHO clas-
sification. Second, our cases did not have information on the final 
diagnosis from excisional biopsy or surgical resection. Although 
the consensus meeting of KBPSG proposed the pathologic diag-
nosis of 60 PBL cases, their diagnoses were not likely to guarantee 
the correctness of the diagnosis. Third, there was no clinical and 
radiologic information about the 60 PBL cases in our raw data. 
The absence of this information may be an obstacle in determining 
an accurate diagnosis and prognosis. Fourth, we did not use the 
most recently updated version of the WHO classification pub-
lished in 2019. Nonetheless, because there was no difference be-
tween the 4th and 5th editions in diagnosing and classifying 
PBLs, the concern for the discrepancy between the two versions 

is minimal [8,9]. 
In conclusion, our study demonstrated that interobserver vari-

ability in the pathologic diagnosis of PBLs was unsatisfactory 
among 20 breast pathologists from 20 multiple medical institu-
tions. Although IHC staining improved interobserver variability 
and agreement rates in diagnosing PBLs, diagnostic reproduc-
ibility was still limited in specific cases including EPC/SPC. There-
fore, more intensive consensus studies are necessary to improve 
the diagnostic agreement and categorization of PBLs with the 
WHO classification. Further studies should continue to develop 
effective modalities in distinguishing PBLs especially on CNB. 
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Glioblastoma is a neuroepithelial tumor of the central nervous 
system (CNS); it is characterized by extremely aggressive behavior 
and poor prognosis. It constitutes 12%–15% of all intracranial 
tumors, 50% of all astrocytic tumors [1], and 40%–50% of all 
primary brain tumors [2]. Glioblastoma is the most common pri-
mary malignant brain tumor in adults [3], and the World Health 
Organization (WHO) classifies it as a grade IV astrocytoma [4,5]. 
It constitutes 33.7% of all astrocytic tumors and 16.3% of pri-
mary malignant CNS tumors [6].

It is the third most common CNS tumor after fibrillary as-
trocytoma and medulloblastoma [7].

The current standard management for newly diagnosed glio-
blastoma consists of maximal safe resection, followed by radio-
therapy and then adjuvant chemotherapy with temozolomide 
[1,8]. Despite the advances in therapeutic approaches, such as 

surgery, radiotherapy, and chemotherapy over the past decade, 
the overall survival (OS) of patients with glioma remains unsat-
isfactory [9].

Glioblastoma long has been recognized as an immunosup-
pressive tumor characterized by activation of several immune es-
cape mechanisms, including upregulation of programmed death-
ligand 1 (PD-L1), also known as B7-H1 [10].

During infection or inflammation in normal tissue, PD-L1/
programmed death receptor 1 (PD-1) interaction plays an impor-
tant role in preventing autoimmunity during the immune re-
sponse. On the other hand, in the tumor microenvironment, 
PD-L1/PD-1 interactions evade tumor immunity by inactivating 
cytotoxic T lymphocytes/CD8-positive tumor-infiltrating lym-
phocytes (CD8+ TILs) [11].

Immunohistochemical assessment of the PD-L1 protein in 
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several studies on melanoma, non-small cell lung cancer, and 
other tumors showed that it positively correlates with response 
to PD-1 targeting therapy. This makes it a potential predictive 
biomarker for treatment response of these tumors to targeted 
PD-1/PD-L1 blocking therapy and prognosis [12-15].

Accordingly, immunotherapy in the form of immune check-
point inhibitors might offer a new opportunity for management 
of glioblastoma since these have succeeded in the treatment of 
other tumors. Given this context, the present study aimed to 
determine the roles of PD-L1 expression and its effects on the im-
mune microenvironment represented in CD8+ TILs in patients 
with glioblastoma.

There have been efforts to develop more accurate predictive bio-
markers of patient response to checkpoint blockade, particularly 
anti–PD-1/PD-L1 [16]. However, systematic studies on the ex-
pression of PD-L1 in human tissue samples are limited. Thus, we 
aimed to characterize PD-L1 expression and its association with 
clinicopathologic parameters in human glioblastoma cases to 
provide a basis for clinical trials and translational biomarker re-
search. We also investigated PD-L1 expression and its correlation 
with patient prognosis.

MATERIALS AND METHODS

This is a retrospective cohort study that included formalin-
fixed paraffin-embedded (FFPE) tissue blocks from 30 patients 
with glioblastoma. Medical records were collected from the ar-
chives of the Clinical Oncology Department and the Pathology 
Laboratory of Ain Shams University Hospital from January 2017 
to January 2020.

The following inclusion criteria were used to select tumor 
tissue blocks for final analysis: (1) histopathological diagnosis of 
glioblastoma, (2) available paraffin-embedded tissue diagnostic 
biopsy data, and (3) available clinical follow-up data after initial 
diagnosis. Clinicopathologic variables of age, gender, tumor loca-
tion, and tumor laterality were recorded. Survival indicators (OS 
and progression-free survival [PFS]) were identified using the fol-
low-up data.

The paraffin-embedded tissue blocks of 30 pretreatment glio-
blastoma cases were cut into sections with a thickness of 4 μm 
and subjected to the following.

(1) Routine hematoxylin and eosin (H&E) staining: The H&E-
stained slides of the tissue biopsies were prepared to confirm glio-
blastoma diagnosis based on the 2016 CNS WHO classification.

(2) Assessment of isocitrate dehydrogenase 1 (IDH1) muta-
tion: IDH1 mutation was evaluated by immunohistochemistry 

[5]. Anti IDH-1 (R-132 H) mouse monoclonal antibody (clone 
H09) from Dianova was used to identify IDH1 wild- and mu-
tant-types in FFPE sections using a BenchMark Ventana (GX) au-
tomated immunostainer (Roche, Rotkreuz, Switzerland). Twenty-
seven cases (90%) were negative for IDH1 mutation (IDH-1 
wild), and three (10%) cases were positive (IDH1 mutant). 

(3) Immunohistochemical staining for PD-L1 and CD8: Re-
garding immunohistochemical staining, 4-μm paraffin-embed-
ded tissue sections were prepared and stained using the Bench-
Mark Ventana (GX) automated immunostainer. We first loaded 
the slides, antibodies, and ultra-view detection kit dispensers into 
the BenchMark instrument, we selected the standard pretreat-
ment protocol CC1 in the automatic immunostainer device, and 
set the antibody incubation for 32 minutes at 37°C. When stain-
ing was complete, the slides were removed from the instrument, 
rinsed well with soap and water 10 times, and then washed 
with a buffer (reaction buffer concentrate [× 10] from Ventana 
[Ref 950-300, LOT G 24035]). The following primary antibod-
ies were used: (1) PD-L1 NBP2-15791 rabbit/human polyclonal 
antibody from Novus Biological (Littleton, CO, USA) diluted to 
1:200 and (2) CD8 C8/144B mouse monoclonal antibody from 
Cell Marque (Ref. 108-98, key code CMC 10829030, Darm-
stadt, Germany) diluted to 1:100.

Non-neoplastic lymph node tissue sections were used as posi-
tive controls for PD-L1, and non-neoplastic spleen sections were 
used as positive controls for CD8. Control slides were obtained 
from the histopathology paraffin embedded tissue blocks archived 
in the Pathology Lab, Faculty of Medicine, Ain Shams University 
Hospitals, and the study was conducted. Slides were prepared 
and used as control slides. Both positive and negative control 
slides were included in each run. Neagtive control slides used are 
gliobalstoma tissue sections, primary antibodies were not applied 
on them, instead the buffer is used on it. Three runs were done, 
in each run a negative control slide was used. All specimens were 
reviewed independently using light microscopy in at least five areas 
(400 × magnification) by investigators who were blinded to im-
munohistology and clinical data.

PD-L1 expression was recorded according to cellular localiza-
tion and distribution of the immunohistochemical signal, whether 
diffuse/fibrillary or membranous, with a positivity cutoff value 
> 1%, according to Berghoff et al. [8]. Any PD-L1 expression in 
the slide > 1% is considered positive whereas any expression of 
PD-L1 on the slide ≤ 1% is considered negative. The extent of dif-
fuse/fibrillary PD-L1 expression throughout the tumor tissue was 
scored semiquantitatively according to percentage of cells express-
ing PD-L1 in the non-necrotic tumor area: (1) no PD-L1–posi-
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tive tumor areas, (2) ≤ 25%, (3) 26%–50%, (4) 51%–75%, and 
(5) > 75%. The patients were categorized further into high (PD-
L1 > 50%) and low (PD-L1 ≤ 50%) PD-L1 expression groups 
using the median value as a cutoff point (50%) [8].

CD8+ TIL expression was evaluated quantitatively by exam-
ining each section using at least five high-power fields (× 40 ob-
jective and × 10 eyepiece) and the most abundant TILs to calculate 
the percentage of expression [17]: (1) Each slide was examined to 
detect the 5 hpfs (× 40) with the most abundant TIls, (2) In 
those 5 hpfs with most abundant TIls, TILs were calculated as a 
percentage against the tumor tissue background using the auto-
mated image analyzer mentioned in the methods, and (3) The 
median percentage out of those 5 hpfs was referred to as the per-
centage of CD8+ TILs for this case. Counting was conducted us-
ing the Leica Q Win V.3 program (Wetzlar, Germany), an image 
analyzer, installed on a computer in the Histology Department, 
Faculty of Medicine, Ain Shams University (CPU: Ryzen 4600H, 
Graphics: AMD Radeon Pro 5300 XT, RAM: 32 GB 2666MHz 
DDR4, Screen: 27-inch [diagonal] 5120 × 2880 Retina 5K dis-
play, Storage: 4TB SSD). The computer was connected to a Leica 
DM2500 microscope. Furthermore, the densities were scored at 
200 ×–400 × magnification in predefined regions of interest within 
the glioblastoma (intra-tumoral) and the perivascular region. 
The percentage of TILs in each case was recorded from the 
median field. The patients were categorized further into high 
(CD8+ TILs > 10%) and low (CD8+ TILs ≤ 10%) CD8 infiltra-
tion groups using the median value as a cutoff point (10%) [17]. 
Semiquantitative evaluation criteria were used to describe TIL 
infiltration density as either sparse, moderate, or dense [18].

Statistical analysis

The collected data were revised, coded, tabulated, and input 
into a PC using the SPSS ver. 20 for Windows (IBM Corp., Ar-
monk, NY, USA). Suitable analyses were conducted according to 
the type of data obtained for each parameter. Parametric numeri-
cal data were expressed as mean ± standard deviation (SD) and 
range, whereas nonparametric numerical data were expressed as 
median and interquartile range (IQR). Nonnumerical data were 
expressed as frequency and percentage. Mann-Whitney U test 
was used to assess the statistical significance of differences in non-
parametric variables between the two study groups. Fisher’s exact 
test was used to examine the relationship between two qualita-
tive variables when the expected count was less than 5 in more 
than 20% of cells. Correlation analysis using Pearson’s method 
was used to assess the strength of the association between two 
quantitative variables. The correlation coefficient (r) defines the 

strength (magnitude) and direction (positive or negative) of the 
linear relationship between two variables. Spearman’s method 
was used as a nonparametric measure of rank correlation where the 
correlation coefficient (rs) defined the strength (magnitude) and 
direction (positive or negative) of the relationship between two 
variables. Very weak, weak, moderate, strong, and very strong cor-
relations were defined as r or rs values of 0–0.19, 0.2–0.39, 0.40– 
0.59, 0.6–0.79, and 0.8–1, respectively. The endpoints of this 
study were disease-free survival and OS. PFS was calculated as 
the time between initial biopsy and disease progression or last 
follow-up. OS was calculated as the time between initial biopsy 
and death or last follow-up. Patients who were deceased at the time 
of data cutoff were censored at the last date the patient was known 
to be alive. Survival distributions were estimated using the Kaplan-
Meier method. Correlations of OS and PFS to clinical parameters, 
PD-L1 and CD-8 expression were done using log-rank test and 
Kaplan-Meier curves. The Cox regression was used for modeling 
the time to a specified event, considering the values of other given 
variables. Univariate and multivariable analyses were conducted 
using Cox’s proportional hazards model. Statistical significance 
was set at p < .05, and p = .01 was defined as highly significant.

RESULTS

Clinical characteristics of patients

We studied 30 patients with histopathologically diagnosed 
grade IV glioblastoma according to the 2016 WHO criteria. Their 
ages ranged from 29 to 75 years (mean, 50.9); 22 were male 
(73.3%), and eight (26.7%) were female. Regarding tumor loca-
tion and laterality as determined via magnetic resonance imag-
ing (MRI), 13/30 cases (44.8%) were located in the right hemi-
sphere, 15/30 (51.7%) in the left hemisphere, and 1/30 (3.4%) 
crossed the midline, appearing bilateral. On MRI, the sites of 
glioblastoma included all lobes (frontal, parietal, occipital, and 
temporal), most frequently in the frontal and parietal lobes (20% 
and 16.7%, respectively). Thalamic and parasagittal sites were 
seen. Some cases were bridging into more than one lobe, including 
the frontoparietal, parieto-occipital, temporofrontal, temporo-oc-
cipital, and temporoparietal lobes.

PD-L1 expression

All 30 cases (100%) demonstrated positive PD-L1 staining 
in tumor cells in a diffuse/fibrillary pattern, with a mean value of 
57.6% and a median of 50%. Among the PD-L1–positive cases, 
five (16.7%) had ≤ 25% positive staining of the tumor cells, 10 
(33.3%) had 26%–50% positive staining, five (16.7%) had 
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Fig. 1. Glioblastoma sections stained for CD8 and programmed death-ligand 1 (PD-L1). CD8+ tumor-infiltrating lymphocytes (TIL) membra-
nous/cytoplasmic staining in the high infiltration group (A) and low infiltration group (B). CD8+ TIL membranous/cytoplasmic staining showing 
a perivascular distribution (C) and an intra-tumoral distribution (D). PD-L1+ tumor cells showing a diffuse/fibrillary pattern (E) and diffuse/fibril-
lary and membranous patterns (F). 

51%–75% positive staining, and the remaining 10 (33.3%) had 
> 75% positive staining. The median was used to categorize fur-
ther the cases into high (PD-L1 > 50%) and low (PD-L1 ≤ 50%) 
PD-L1 expression groups. Lastly, six cases showed positive mem-
branous expression alongside the diffuse/fibrillary expression, as 
illustrated in Fig. 1.

CD8 expression

The percentage of CD8+ TILs ranged from 1% to 40% (mean, 
14.33% ± 12.5%; median [IQR], 10% [5%–10%]). The low in-
filtration group (CD8+ TIL ≤ 10%) represented 56.66% of all cases 
(n = 17), whereas the high infiltration group (CD8+ TIL > 10%) 
represented 43.33% of all cases (n = 13), as illustrated in Fig. 1. 
The CD8+ TILs were classified semiquantitatively as either 
sparsely (12 cases, 40%), moderately (11 cases, 36.7%), or densely 
(7 cases, 23.33%) stained. Regarding the distribution of CD8+ 
TILs, the majority of cases (20 cases, 66.7%) was perivascular, 
eight cases (26.7%) were intra-tumoral, and the remaining two 
cases (23.3%) were both perivascular and intra-tumoral.

Table 1. Correlations between clinical characteristics and PD-L1 
expression

PD-L1, n (%) Test of significance

Low 
expression 

group
≤ 50%a

High 
expression 

group
> 50%a 

χ2 p- 
value

Significance

Age (yr) 1.2� .273 NS
< 53   9 (60.0)   6 (40.0)

�
≥ 53   6 (40.0)   9 (60.0)

Sex Fisher exact test .682 NS
Male 12 (54.5) 10 (45.5)
Female   3 (37.5)   5 (62.5)

Laterality 0.54 .464 NS
Left   6 (46.2)   7 (53.8)
Right   9 (60.0)   6 (40.0)

PD-L1, programmed death-ligand 1; NS, not significant.
a50% is the cutoff point used to categorize PD-L1 expression into low and 
high expression groups.

A

D

B

E

C

F

Correlations between PD-L1, CD8 expression, and clinical 
characteristics

No statistical significance was detected regarding the effect of 
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mean OS of 19 months (95% CI, 13.60 to 24.50), whereas those 
with tumors arising in the right cerebral hemisphere had a mean 
PFS of 9.87 months (95% CI, 6.33 to 13.40) and a mean OS of 
17.50 months (95% CI, 12.50 to 22.60).

Sex was significantly correlated with PFS (p = .004), with 
worse prognosis in female patients. PFS was not correlated with 
age (p = .430) or laterality (p = .760). OS had no correlation with 
age (p = .690), sex (p = .317), or laterality (p = .647).

PD-L1 expression and survival

Individuals with high tumor PD-L1 expression (PD-L1 > 50%) 
had shorter mean PFS (7.47 months; 95% CI, 5.40 to 9.50) 
and OS (10.8 months, 95% CI, 7.90 to 13.70), indicating worse 
prognosis. Those with low PD-L1 expression (PD-L1 ≤ 50%), 
on the other hand, had longer mean PFS (12.50 months; 95% 
CI, 8.24 to 16.80) and OS (24.60 months; 95% CI, 19.90 to 
29.20). Thus, PD-L1 expression had a significant correlation 
with PFS and OS (p = .026 and p=.001, respectively), denoting 
worse prognosis in the high expression group, as demonstrated 
in Fig. 2.

CD8 immunohistochemical expression and survival

The low infiltration group (CD8+ TIL ≤ 10%) had shorter mean 
PFS (8.24 months; 95% CI, 5.40 to 11) and OS (14.59 months; 
95% CI, 10.67 to 18.50) compared to the high infiltration group 
(CD8+ TIL > 10%), which had longer mean PFS (12 months; 
95% CI, 8 to 16.59) and OS (21 months; 95% CI, 15.57 to 27). 
However, the proportion of CD8+ TILs was not significantly cor-
related with either PFS or OS (p = .093 and p = .066, respectively), 
as demonstrated in Table 3 and Fig. 2.

Multivariate analysis of clinical characteristics and PD-L1 
and CD8 expression

Multivariate analyses were performed using Cox regression to 
determine the variables that were independently predictive of 
PFS and OS. PD-L1 expression was the only factor with indepen-
dent prognostic significance (hazard ratio, 6.30; p = .001) for OS 
only; age, sex, and CD8+ TIL proportion were not statistically 
significant in terms of PFS and OS. This indicates that positive 
PD-L1 expression greater than 50% increased the risk of fatality 
by 6.3 times, as demonstrated in Table 4.

DISCUSSION

Glioblastoma is the most common and aggressive primary ma-
lignant brain tumor in adults [19]. PD-L1 is expressed robustly 

Table 2. Correlations between clinical characteristics and CD8 ex-
pression

CD8 Test of significance

Low 
infiltration 

group 
≤ 10%a

High 
infiltration 

group 
> 10%a

χ2 p- 
value

Significance

Age (yr) 0.14 .713 NS
< 53   9 (60.0)   6 (40.0)
≥ 53   8 (53.3)   7 (46.7)

Sex Fisher exact test > .99 NS
Male 12 (54.5) 10 (45.5)
Female   5 (62.5)   3 (37.5)

Laterality 2.39 .122 NS
Left   9 (69.2)   4 (30.8)
Right   6 (40.0)   9 (60.0)

NS, not significant.
a10% is the cutoff point used to categorize CD8 expression into low and 
high infiltration groups.

age, sex, or laterality on PD-L1 (p = .273, p = .682, and p = .464, 
respectively) (Table 1) or CD8 (p = .713, p > .99, and p = .122, 
respectively) (Table 2) expression. PD-L1 expression was signifi-
cantly associated with the proportion of CD8+ TILs (p = .001), 
with a moderate inverse correlation according to Spearman’s meth-
od (rs = –0.573).

Survival analyses

From the date of diagnosis to January 2020, 26 of 30 (86.7%) 
patients did not survive; only 4 (13.3%) patients were alive by 
the end of the study. The PFS had a mean of 10 months and a 
median of 7 months (95% confidence interval [CI], 7.5 to 12.5; 
SD, ± 7.03), whereas the mean OS of patients with glioblastoma 
was 18 months, and the median OS was 13 months (95% CI, 
14 to 21).

Correlations between clinical characteristics and survival

Patients younger than 53 years (the median age in our study) 
had a mean PFS of 9.21 months (95% CI, 5.89 to 12.51) and a 
mean OS of 18.47 months (95% CI, 13.50 to 23.40), whereas 
patients 53 years and older had a mean PFS of 10.80 months 
(95% CI, 6.94 to 14.66) and a mean OS of 16.87 months (95% 
CI, 11.56 to 22.17).

Males had a mean PFS of 11.90 months (95% CI, 8.89 to 
14.90) and a mean OS of 18.97 months (95% CI, 14.80 to 
23.12), whereas females had a mean PFS of 4.75 months (95% 
CI, 3.15 to 6.35) and a mean OS of 13.6 months (95% CI, 7.34 
to 19.90).

Patients with tumors arising in the left cerebral hemisphere 
had a mean PFS of 10.69 months (95% CI, 6.49 to 14.89) and a 
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in most glioblastoma cases, and clinical trials using PD-1/PD-L1-
targeted immunotherapy have shown improved median OS in 
patients with glioblastoma [20]. Tumor immunology and im-
munotherapy are emerging trends in cancer therapy. Thus, studies 
on PD-L1 are relevant considering its role in glioblastoma, its effect 
on survival analysis, and its potential role in disease management. 
Moreover, analysis of immunological parameters, such as TILs, 
and their correlation with PD-L1 expression (representing the 
microenvironmental immune response to PD-L1 expression) is 
crucial for development of successful immunotherapies [21].

We studied the expression of PD-L1 and CD8 within the 
context of survival analysis in glioblastoma cases. In our study, 
PD-L1 expression was detected in all glioblastoma cases, rang-
ing from 20% to 90%. This was in accordance with Wintterle 
et al. [22], Wilmotte et al. [23], Berghoff et al. [8], and Nduom 
et al. [3], who also reported high PD-L1 expression in glioblas-

toma cases (100%, 85.2%, 88%, and 95%, respectively). On the 
other hand, Yao et al. [24], Avril et al. [25], Liu et al. [4], and 
Zeng et al. [26] reported weaker PD-L1 expression in glioblas-
toma (75%, 76.5%, 45%, and 50% respectively). Xue et al. [2] 
emphasized that the positive rate of PD-L1 expression varied by 
study and ranged from 6.1% to 100%. Pooled analysis demon-
strated an overall positive percentage of PD-L1 protein expres-
sion (44.72%) [2].

In our study, positive PD-L1 membranous staining was appar-
ent in 36.7% of all cases (n = 11). This was in agreement with 
Berghoff et al. [8] and Nduom et al. [3]; the former found strong 
membranous PD-L1 immunostaining in 44 of 117 cases (37.6%), 
whereas the latter reported a higher percentage of PD-L1 mem-
branous expression (60.6%), which might be attributed to their 
larger sample size (n = 345). On the contrary, Garber et al. (2017) 
[27] reported a higher percentage of PD-L1 membranous expres-
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Fig. 2. Kaplan-Meier curves showing survival functions. (A) Percentage of CD8+ tumor-infiltrating lymphocytes (TILs) in relation to progres-
sion-free survival (PFS). (B) Percentage of CD8+ TILs in relation to overall survival (OS). (C) Programmed death-ligand 1 (PD-L1) expression in 
relation to PFS. (D) PD-L1 expression in relation to OS.
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sion (60.6%). Although the results of our study and some of the 
aforementioned studies seem numerically different, they are not 
necessarily conflicting as they all demonstrate that glioblastomas 
have high PD-L1 expression.

The differences in results could be explained by the techniques 
used. For example, tissue microarray uses smaller tumor tissue 
samples (1 mm), which are more prone to sampling bias and false-
negative cases than are studies using full slides, wherein non-
sampled tumor parts in tissue microarray are interpreted as false 
negatives regarding PD-L1 expression. Generally, the difference 
in PD-L1 expression across studies can be attributed to variability 
in the methodology of PD-L1 assessment, utilized antibodies, 
immunohistochemical staining protocols, sample size, methods of 
preparing the tumor tissues, and diagnostic standards (e.g., ex-

pression patterns and positivity cutoffs). Therefore, further re-
search to establish uniform standards is necessary.

All glioblastoma cases investigated herein showed CD8+ TIL 
expression (mean, 14.3%; median, 10%; range, 1%–40%), and 
we used the median as a cutoff value to categorize the cases into 
low and high infiltration groups, similar to Han et al. [17], who 
reported a median of 3.4% and used it for categorization. Both 
studies used the same quantitative evaluation protocol, examin-
ing each section using at least five high-power fields with the most 
abundant TILs to record the median expression and, thus, catego-
rize cases into two groups. However, in our study, we used an 
automated image analyzer that recorded the percentage of TILs, 
whereas Han et al. [17] manually counted the number of TILs. 
Our sample size was smaller (30 cases) than that of Han et al. [17] 
(90 cases).

The low infiltration group represented 56.66% of all cases, 
while the high infiltration group represented 43.3% of all cases. 
TILs were detected in all cases, and the majority was of sparse den-
sity and perivascular in distribution. This finding is in line with 
the findings of Yang et al. [28], Rutledge et al. [29], Han et al. [17], 
and Berghoff et al. [8]. This observation regarding the distribu-
tion of TILs in glioblastoma suggests that TILs do not migrate 
easily into the immunosuppressive tumor microenvironment but 
instead arrest mainly in the perivascular space. The lower total 
number of TILs in our study and in the study of Han et al. [17] 
compared to that of other tumors, such as ovarian cancer [21] and 

Table 3. Univariate survival analysis of glioblastoma according to immunohistochemistry scores of PD-L1 and CD8+ TILs and other clinico-
pathologic factors

PFS (mo) OS (mo)

Mean ± SE 95% CI p-value Mean±SE 95% CI p-value

Age (yr) .432 .690
< 53 9.20 ± 1.69 5.89–12.51 18.47 ± 2.51 13.54–23.39
≥ 53 10.80 ± 1.97   6.94–14.66 16.87 ± 2.71 11.56–22.17

Sex .004 .317
Male 11.90 ± 1.54   8.89–14.92 18.97 ± 2.12 14.82–23.12
Female 4.70 ± 0.82 3.15–6.35 13.63 ± 3.21 7.34–19.91

Laterality .760 .647
Left 10.69 ± 2.14   6.49–14.89 19.08 ± 2.78 13.63–24.52
Right 9.87 ± 1.80 6.33–13.40 17.57 ± 2.58 12.51–22.62

PD-L1 .026 < .001
≤ 50%a 12.53 ± 2.19   8.24–16.83 24.57 ± 2.37 19.93–29.20
> 50%a 7.47 ± 1.05 5.41–9.53 10.80 ± 1.48 7.90–13.70

CD8+ TILs .093 .066
≤ 10%b 8.24 ± 1.44 5.41–11.06 14.59 ± 2 10.67–18.50
> 10%b 12.30 ± 2.18 8.03–16.59 21.41 ± 2.98 15.57–27.26

PD-L1, programmed death-ligand 1; TILs, tumor-infiltrating lymphocytes; PFS, progression-free survival; OS, overall survival; SE, standard error; CI, confi-
dence interval. 
a50% is the cutoff point used to categorize PD-L1 expression into low and high expression groups; b10% is the cutoff point used to categorize CD8 expres-
sion into low and high infiltration groups.

Table 4. Multivariate analysis of the effects of independent factors 
on progression-free survival and overall survival using Cox survival 
analysis

Progression-free survival Overall survival

HR 95% CI p-value HR 95% CI p-value

Age ≥ 53 yr 0.60 0.26–1.41 .241 0.63 0.25–1.6 .334
Female sex 2.56 0.93–7.07 .069 1.25 0.47–3.28 .653
PD-L1 > 50%a 1.82 0.68–4.83 .232 6.30 2.22–17.91 .001b

CD8 > 10%c 0.63 0.27–1.49 .295 0.53 0.2–1.4 .203

HR, hazard ratio; CI, confidence interval; PD-L1, programmed death-ligand 1.
a50% is the cutoff point used to categorize PD-L1 expression into low and 
high expression groups; bSignificant; c10% is the cutoff point used to cate-
gorize CD8 expression into low and high infiltration groups.
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breast cancer [30], could be related to the blood–brain barrier 
or the specific local microenvironment.

The expression of PD-L1 and CD8+ TIL showed a significant, 
moderate, inverse correlation (rs = –0.573, p = .001). This can 
be interpreted according to the findings of Avril et al. [25], who 
explained that PD-L1 produced by glioma cell lines affects the ac-
tivation and recruitment of T-cells and decreases the production of 
lymphocytic interferon-γ and interleukins 2 and 10. According to 
Wintterle et al. [22], the expression of PD-L1 in malignant tumors 
inhibits CD4+ and CD8+ T-cells via PD-1.

In our study, age, sex, and laterality were not correlated with 
either PD-L1 or the proportion of CD8+ TILs. This observation 
was in line with the findings of Berghoff et al. [8].

The median OS in our study was 13 months, which is in line 
with the findings of Zeng et al. [26] and Xue et al. [2], who re-
ported an OS of 12 and 14.6 months, respectively. The median 
PFS in our study was 7 months (95% CI, 7.5 to 12.5), whereas 
Ballmann et al. [31] reported a median PFS of 5.3 months (95% 
CI, 5.0 to 5.6).

Cox regression analysis found no significant difference in OS in 
terms of age, sex, or laterality and no difference in PFS in terms 
of age or laterality. This is in concordance with Han et al. [17] but 
not with Berghoff et al. [8], who reported older age to be a neg-
ative prognostic indicator. On the other hand, we found female 
patients to have a significantly shorter PFS, but Han et al. [17] 
reported that sex was not correlated with either OS or PFS

In our study, patients with high PD-L1 expression (> 50%) 
had shorter OS than those with low expression. This is in concor-
dance with Liu et al. [4] and Nduom et al. [3].

Multivariate analysis revealed that PD-L1 is an independent 
factor in relation to OS, which agrees with the results of Berg-
hoff et al. [8] and Nduom et al. [3]. However, this contrasted 
with the findings of Preusser et al. [32], Zeng et al. [26], and Xue 
et al. [2]. The conflict in results with Zeng et al. [26] can be ex-
plained by their inclusion of glioma cases of all grades. This con-
flict needs to be studied further to confirm and determine the 
prognostic value of PD-L1 expression in glioblastoma prognosis. 
It should also be noted that PD-L1 was significantly correlated 
with PFS. However, the current literature lacks an explanation 
for this, and further studies are warranted.

The effect of PD-L1 expression on survival can be explained by 
the need got PD-1 and its ligand, PD-L1, for immunosuppres-
sion of T-cells, tumor cells, and antigen-presenting cells (APCs). 
Their interaction leads to inhibition of early T-cell activation, 
abolishing their cytotoxic activity and hindering the production 
of inflammatory cytokines [33-35].

Although the high CD8+ TIL infiltration group had longer OS 
and PFS than the low infiltration group, this was not statistically 
significant in our study. This is in accordance with Kim et al. [36] 
and Han et al. [17], who reported that CD8+ TILs alone could 
not predict effectively patient outcome in glioblastoma. They also 
concluded that CD8+ TILs might not be effective prognostic mark-
ers in gliomas because high-grade gliomas have multiple mecha-
nisms of mediating immunosuppression, such as anergy stimula-
tion by tumor APCs, antigen loss, cytokine immunosuppression, 
and T-cell apoptosis [37]. However, according to Han et al. 
(2014), the combination of high CD4+ TILs and low CD8+ TILs 
was significantly associated with shorter PFS and OS [17]. These 
results suggest that effective antitumor immunity requires an 
appropriate ratio of CD8/CD4+ TIL in gliomas. On the other hand, 
CD8+ TILs have a known favorable effect on the survival of patients 
with breast cancer [30], ovarian cancer [21], or colorectal cancer 
[33,38,39].

Glioblastoma is an aggressive brain tumor with a poor progno-
sis. PD-L1 is expressed extensively in glioblastomas and can be 
considered a negative prognostic indicator and a predictive bio-
marker for the selection of patients for immunotherapy. Cases 
with high PD-L1+ expression (>50%) have a worse prognosis. 
The proportion of CD8+ TILs is lower in cases of high PD-L1 ex-
pression, indicating possible immune evasion of glioblastomas ex-
erted by PD-L1. More research is needed in this field to provide 
more opportunities for patients with glioblastoma to benefit from 
immunotherapy using PD-L1 blockers.
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Interaction of tumor cells with their microenvironment may 
result in infiltration of the tumor by immune cells of the host. 
Although such immune cell infiltration does not universally occur 
in all tumors, when present, these tumor-infiltrating lympho-
cytes (TILs) may provide tumor-specific immune response to 
prevent further tumorigenesis. However, tumor cells may evade 
host immunity through the expression of several transmem-
brane proteins including programmed death-ligand 1 (PD-L1). 
PD-L1–targeted therapy is a form of immunotherapy which tar-
gets the components of the PD-L1 pathway to prevent downreg-
ulation of anti-tumoral immunity. Unfortunately, PD-L1–targeted 
therapy is effective in < 50% of non-small cell lung cancers 
(NSCLCs) despite the presence of PD-L1 expression. However, in 
general, better results are observed in patients with higher PD-L1 
expression [1–4]. Therefore, testing for PD-L1 expression using 

immunohistochemistry is often performed before initiating 
PD-L1–targeted therapy. The prevalence of PD-L1 positivity in 
NSCLC varies widely across studies performed in different parts 
of the world [2–5]. A large part of this difference could be attrib-
uted to methodological differences which is supported by the re-
sults of a recent multinational study (EXPRESS) which showed 
similar PD-L1 expression in advanced NSCLCs across various geo-
graphical regions when a uniform testing strategy was used [6]. 
However, the reported prevalence of PD-L1 expression in Indian 
patients with NSCLC, albeit with different methods, is much 
lower [7,8]. Furthermore, the PD-L1 expression in NSCLC has 
been associated with certain clinicopathological characteristics 
and poor clinical outcomes in some but not all studies [5]. The 
intensity of tumor infiltration by TILs has been associated with 
survival [9,10]. In the present study, the prevalence and prog-
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nostic significance of PD-L1 expression in a cohort of NSCLC 
patients from North India were reported.

MATERIALS AND METHODS

Patients

This was a single institute, prospective, observational study 
conducted over 2 years. Consecutive patients with newly diag-
nosed NSCLC with adenocarcinoma or squamous cell carcinoma 
(SqCC) histology were considered for inclusion in this study. Sub-
jects with a biopsy sample insufficient for the necessary histo-
pathological analyses were excluded from the study. 

Histopathological examination

All specimens were processed for paraffin sections for routine 
hematoxylin and eosin (H&E) staining and immunohistochem-
istry. The specimens included lung biopsies (bronchoscopic bi-
opsies and computed tomography [CT]/positron emission tomog-
raphy (PET)–guided biopsies) and biopsies from metastatic sites 
(lymph nodes, pleura, bone, and brain). Cytology samples were 
not included in the study. Based on H&E, the tumors were cat-
egorized as adenocarcinoma or SqCC as defined by the 2015 
World Health Organization classification of lung tumors [11]. Tumors 
in which histological subtyping on the basis of routine H&E 
staining was difficult, immunohistochemistry with p63, thyroid 
transcription factor 1, cytokeratin (CK) 5/6, CK7, neuron-specific 
enolase, and CD56 was used. 

Tumor-infiltrating lymphocytes 

The TILs were evaluated based on morphology on H&E-
stained slides. Only lymphocytes and plasma cells were included 
in the scoring. Necrotic areas within the tumor and alveolar mac-
rophages were not included in the scoring [12]. TILs were as-
sessed in five areas of the tumor to determine the mean TIL score. 
The TIL score was assigned based on the proportion of tumor 
stroma occupied by TILs (TIL0, 0 to ≤ 5%; TIL1, > 5% to ≤ 25%; 
TIL2, > 25 to ≤ 50%; TIL3, > 50%). Subjects with a score of 
TIL0 were considered to have low TILs and subjects with a score 
of TIL2 or TIL3 were considered to have high TILs.

PD-L1 expression

PD-L1 expression in tumors was assessed using immunohis-
tochemistry with rabbit monoclonal antibody (SP263) on the 
Ventana automated immunostainer. Detection was optimized 
with the OptiView DAB IHC Detection Kit (Ventana Medical 
Systems, Tucson, AZ, USA). For positive controls, sections of 

the human placenta, as recommended in the data sheet of SP263 
antibody (Fig. 1A) as well as human tonsil, were included in 
each batch. A negative control was run for each case. At least 100 
viable tumor cells were scored. Tumor cells were considered to 
express PD-L1 when they showed complete or partial membra-
nous staining with or without cytoplasmic staining of any inten-
sity. PD-L1 expression on tumor cells was assigned scores based 
on the proportion of tumor cells (TC0, 0 to < 1%; TC1, ≥ 1 to 
≤ 50%; TC2, > 50%) expressing PD-L1. Tumors with a PD-L1 
expression on tumor cells > 50% (TC2) were considered PD-
L1–positive.

Mutation analysis

Epidermal growth factor receptor (EGFR) mutations and an-
aplastic lymphoma kinase (ALK) rearrangements were evaluated 
in subjects with adenocarcinoma histology. EGFR mutation 
analysis was performed using real-time PCR (EnteroGen, Agility 
Biotech, Los Angeles, CA, USA). ALK rearrangements were 
identified on immunohistochemistry performed on a Ventana 
BenchMark XT automated slide-processing system using the 
D5F3 clone [13]. 

Clinical details

The following clinical parameters were recorded at baseline: 
age, sex, smoking status, body mass index, performance status, 
and TNM. Performance status was evaluated using the Eastern 
Cooperative Oncology Group scale [14]. Contrast-enhanced CT 
scan of the thorax and upper abdomen (including the liver and 
adrenals) or whole-body PET was obtained for baseline staging 
evaluation in all patients. Tumor staging was performed using 
the seventh edition of the American Joint Committee on Cancer 
(AJCC) TNM classification [15]. Tumor staging was also per-
formed using the eighth edition of the AJCC TNM classification 
in 106 patients (Supplementary Table S1). Because the propor-
tion of patients between the seventh and eighth edition of the 
AJCC TNM classification was not significantly different, and to 
ensure completeness of data, the staging in the seventh edition 
of the AJCC TNM classification was used in the present study.

Subjects were treated with chemotherapy, targeted therapy, 
immunotherapy, radiotherapy, or surgery as indicated by tumor 
histopathology, mutation status, and clinical status, as previ-
ously described [16]. Briefly, subjects with adenocarcinoma 
without any driver mutation were treated with pemetrexed-
based platinum doublet followed by maintenance pemetrexed 
therapy until disease progression [17]. Subjects with squamous 
histology were treated with docetaxel or gemcitabine-based 
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platinum doublet. All patients receiving chemotherapy were ad-
ministered at least four cycles of chemotherapy before response 
assessment using the Response Evaluation Criteria in Solid Tu-
mors ver. 1.0 [18]. Subjects with sensitizing EGFR mutation or 
ALK rearrangement were treated with appropriate EGFR tyro-
sine kinase or ALK inhibitors, respectively [19,20].

Statistical analysis

Continuous variables were expressed as the mean and standard 
deviation and categorical values were expressed as the numbers 
and percentages. The differences between continuous and cate-
gorical variables were analyzed using the Mann-Whitney U test 
and the chi-square test (or Fisher exact test), respectively. Over-
all survival (OS) was defined as the time between initial diagnosis 
and date of death or last follow-up. The cutoff date for survival 
analysis was November 30, 2018. Survival curves were generated 
using the Kaplan-Meir method and were compared using the 
log-rank test. Multivariate analysis to identify predictors of sur-
vival was performed using the Cox proportional hazard model. 
Statistical analyses were performed using the commercial statisti-
cal package SPSS (IBM SPSS Statistics, ver. 22, IBM Corp., Ar-
monk, NY, USA). A p-value < 0.05 was considered statistically 
significant.

RESULTS

A total of 128 cases of NSCLC were included in the present 
study (Table 1); 103 (80.5%) were males and the median age of 
the study population was 61 ± 15 years. The majority of patients 
had advanced disease (84.1% were stage IIIB/IV) and 44.8% of 
the patients had extrathoracic disease at diagnosis. Tissue sam-
ples (small biopsies: endobronchial biopsies, transbronchial bi-
opsies, and imaging-guided core biopsies) were predominantly 
obtained from the lung (82.4%) and metastatic lymph nodes 
(8%), and 9.6% were resection samples. Adenocarcinoma and 
SqCC were observed in 52.3% and 47.7% of the subjects, respec-
tively. A larger proportion of patients who were younger, fe-
male, non-smokers, and presented with advanced disease had 
adenocarcinoma. EGFR and ALK alterations were observed in 
6.2% and 5.4% of the subjects, respectively. Chemotherapy 
(74.2%) was the most commonly used first-line therapy. Due to 
economic constraints, PD-L1–targeted therapy despite PD-L1 
expression could not be provided to any patient in this study.

Based on immunohistochemistry, the majority of patients 
had PD-L1 expression on < 1% of tumor cells (TC0, 61.7%) 
(Table 2, Fig. 1). PD-L1 expression on ≥ 1% of tumor cells (TC1 

or TC2) was observed in 38.3% of the subjects. However, this 
did not differ between subjects with adenocarcinoma or SqCC 
(p = .335). TIL1 (31.3%) and TIL0 (23.4%) were the most com-
monly observed TIL scores (Table 2, Fig. 2). High TILs (TIL oc-
cupying > 25% of tumor stroma, TIL2 or TIL3) were observed 
in 26.6% of patients. Infiltration > 50% of tumor stroma by 
TILs (TIL3) occurred in the least number of cases (7.8%). Dif-
ference in the TIL scores between adenocarcinoma and SqCC 
was not observed (p = .126). The baseline characteristics were 
not different between subjects with high and low TILs (data not 
shown). A higher proportion of patients with PD-L1 expression 

Table 1. Baseline clinical characteristics

Characteristic
Total 

(n = 128)
Adenocarcinoma 

(n = 67)
SqCC 
(n = 61)

p-value

Age (yr) 59.5 ± 11.1 57.5±11.4 61.8 ± 10.5 .047
Male sex 103 (80.5) 45 (67.2) 58 (95.1) < .001
Smokersa 95 (74.2) 39 (58.2) 56 (94.9) < .001
Body mass index 
  (kg/m2)

20.3 ± 4.0 20.9 ± 3.9 19.7 (4.0) .093

ECOG PS score ≥ 2 19 (14.8) 9 (13.4) 10 (16.4) .638
TNM stage 
  at diagnosisa

.024b

I 2 (1.6) 2 (3.0) 0�
II 5 (4.0) 2 (3.0) 3 (5.1)
IIIA 13 (10.3) 2 (3.0) 11 (18.6)
IIIB 27 (21.4) 9 (13.4) 18 (30.5)
IV 79 (62.7) 52 (77.6) 27 (45.8)

Extrathoracic 
  diseasec 56 (44.8) 41 (61.2) 15 (25.9) < .001

Biopsy sitec .087d

Lung 103 (82.4) 50 (75.8) 53 (89.8)
Lymph node 10 (8.0) 6 (9.1) 4 (6.8)
Pleura 5 (4.0) 5 (7.6) 0�
Other 7 (5.6) 5 (7.6) 2 (3.4)

EGFR-positive 8 (6.2) 8 (11.9) 0� .005
ALK-positive 7 (5.4) 7 (10.4) 0� .009
First-line treatment .011

Chemotherapy 95 (74.2) 49 (73.1) 46 (75.4)
Targeted therapye 16 (12.5) 13 (19.4) 3 (4.9)

Other 17 (13.3) 5 (7.5) 12 (19.7)

Values are presented as mean ± SD or number (%).
SqCC, squamous cell carcinoma; ECOG PS, Eastern Cooperative Oncolo-
gy Group performance status; EGFR, epidermal growth factor receptor; 
ALK, anaplastic lymphoma kinase; SD, standard deviation.
aData were not available in two patients; bFor comparison of stage IIIB or IV 
between adenocarcinomas and SqCCs; cData were not available in three 
patients; dFor comparison of lung biopsy between adenocarcinomas and 
SqCCs; ePatients who had a high probability of underlying EGFR mutation 
(e.g., non-smoking females) in whom molecular testing could not be per-
formed (inadequate tissue for molecular analysis in the initial sample with 
the patient unwilling or unfit for a repeat invasive procedure) and whose 
performance status did not permit the use of chemotherapy were provided 
targeted therapy on compassionate grounds. Therefore, the number of pa-
tients with driver mutations and the number of patients who received tar-
geted therapy was not equal.
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Fig. 1. Photomicrographs (programmed death-ligand 1 [PD-L1] staining using SP263 clone) showing positive control (PD-L1 staining in pla-
centa) (A), TC2 (PD-L1 expression on > 50% of tumor cells [TCs]) (B), TC1 (PD-L1 expression on 1%–50% TCs) (C), and TC0 (PD-L1 expres-
sion on < 1% of TCs) (D). 

≥ 1% on tumor cells (TC1 or TC2: 58.8% vs. 35.7%, p = .026) 
had high TILs than low TILs. 

A total of 22 subjects (17.2%) were classified as PD-L1–posi-
tive (PD-L1 expression on tumor cells > 50%, TC2). Most of 
the clinical characteristics of PD-L1–positive subjects were not 
different from PD-L1–negative subjects (Table 3). However, sub-
jects who were PD-L1–positive had a higher prevalence of liver 
metastasis at baseline (18.2% vs. 2.8%; p = .018). PD-L1–posi-
tive subjects were also more often diagnosed based on extrapul-
monary biopsies (Table 3). The median OS (95% confidence in-
terval [CI]) was 7.6 (6.5–8.8) months in subjects who were PD-
L1–negative compared with 8.5 (1.1–16.0) months in subjects 
who were PD-L1–positive (log-rank p = .584) (Fig. 3). On mul-
tivariate analysis, sex was the only factor associated with survival 
(hazard ratio, 0.39; 95% CI, 0.16 to 0.98; p = .046) (Table 4). 
The survival of patients with tumors showing high TILs was not 
different from subjects with low TILs (data not shown).

Table 2. Histopathological characteristics of the overall population

Variable
Total 

(n = 128)
Adenocarcinoma 

(n = 67)
SqCC 
(n = 61)

p-value

PD-L1 TC score .335a

TC0 79 (61.7) 44 (65.7) 35 (57.4)
TC1 27 (21.1)   8 (11.9) 19 (31.1)
TC2 22 (17.2) 15 (22.4)   7 (11.5)

TIL scoreb .126c

TIL0 30 (23.4) 18 (26.9) 12 (19.7)
TIL1 40 (31.3) 22 (32.8) 18 (29.5)
TIL2 24 (18.8) 10 (14.9)  14 (23.0)
TIL3 10 (7.8) 4 (6.0)   6 (9.8)

Values are presented as number (%).
The TC score was assigned based on the proportion of tumor cells ex-
pressing PD-L1 (TC0: < 1%, TC1: ≥ 1 but ≤ 50%, TC2: > 50%). The TIL 
score was assigned based on the proportion of tumor stroma occupied by 
TILs (TIL0: ≤ 5%, TIL1: ≤ 25%, TIL2: > 25 but ≤ 50%, TIL3: > 50%).
SqCC, squamous cell carcinoma; PD-L1, programmed death-ligand 1; TC, 
tumor cell; TILs, tumor-infiltrating lymphocytes. 
aFor comparison of the proportion of subjects with PD-L1 expression on ≥  1% 
of tumor cells (TC1 or TC2) between adenocarcinomas and SqCCs; bTIL 
score was not available for 26 patients; cFor comparison of the proportion 
of subjects with ≥ 25% of tumor stroma infiltrated by TILs (TIL2 or TIL3) be-
tween adenocarcinomas and SqCCs.

A

C

B
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DISCUSSION

In this study, 17.2% of the patients with NSCLC could be 
labelled as PD-L1–positive (PD-L1 expression on tumor cells 
> 50%). PD-L1 expression ≥1% on tumor cells was observed in 
38.3% of the subjects. PD-L1–positive subjects had a higher 
prevalence of liver metastasis and were more often diagnosed 
using biopsy samples obtained from extrapulmonary sites. The 
PD-L1 expression did not affect survival in the study population. 
High TILs (TILs occupying > 25% of tumor stroma) were ob-
served in 26.6% of the subjects, however, it did not affect survival. 
A larger proportion of patients with higher PD-L1 expression on 
tumor cells was more associated with subjects with high TILs 
than low TILs.

The assessment of PD-L1 expression based on immunohisto-
chemistry is complicated by several factors including intra-tumor 
heterogeneity and inter-assay variation [21]. Therefore, the esti-
mated prevalence of PD-L1–positive NSCLCs varies widely (7%– 
75%) [5,22,23]. In the multinational EXPRESS study, PD-L1 
expression on ≥ 50% and ≥ 1% of tumor cells was observed in 
22% and 52% of patients with advanced NSCLC, respectively, 
using the 22C3 pharmDx kit [6]. In the present study, PD-L1 
positivity was observed in 17.2% of NSCLCs (38.3% had PD-
L1 expression ≥ 1% on tumor cells). The SP263 antibody clone 

Fig. 2. Photomicrographs (× 200) of hematoxylin and eosin staining showing TIL0 (0%–5% of tumor stroma occupied by tumor-infiltrating 
lymphocytes [TILs]) (A), TIL3 (> 50% of tumor stroma occupied by TILs) (B). 

was used because its performance is comparable or better than 
the other available antibody clones [24-26]. In prior studies from 
India, a PD-L1 positivity rate of 27% (> 5% PD-L1 expression 
on tumor cells) and 34% (≥ 1% PD-L1 expression on tumor 
cells) was reported using the SP142 and SP263 clones, respec-
tively [7,8]. Overall, the reported rates of PD-L1 expression in lung 
cancer in India appears to be less than international estimates. 
Whether this difference is due to methodological differences or 
true geographic differences is unclear.

PD-L1 expression has been associated with male sex, smoking, 
advanced tumor stage, SqCC histology, and EGFR mutation 
[5,22,27,28]. In the present study, association between PD-L1 
expression and sex, smoking, or TNM stage, was not found. Liver 
metastasis was more common in subjects who were PD-L1–pos-
itive. The PD-L1 positivity rate was not affected by histology.

The association between PD-L1 expression and survival is 
controversial [5,7,22]. In a meta-analysis of 41 studies, PD-L1 
expression was associated with poor survival in NSCLCs, specif-
ically in subgroups of patients with adenocarcinoma or early dis-
ease [5]. In contrast, another study showed that PD-L1 expression 
resulted in worse prognosis in SqCC but not adenocarcinoma 
[22]. Furthermore, in another study, PD-L1 positivity in im-
mune cells was found associated with better prognosis in resected 
NSCLCs [7]. In the present study, PD-L1 expression was not as-
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sociated with survival.
Infiltration ≥ 20% of tumor stroma with TILs has been observed 

in 50% of subjects with NSCLCs [26]. Higher TILs have been 
associated with higher PD-L1 expression and better survival in 
NSCLCs [9,10,29]. In the present study, approximately one-
fourth of the tumors showed high TILs (infiltration > 25% of tu-
mor stroma by lymphocytes TIL2 or TIL3). Although high TILs 
were associated with higher PD-L1 expression in both TILs and 
tumor cells, high TILs did not affect survival in our study cohort. 

This was a single-center study with a relatively small sample 
size, thus, the results, especially subgroup analyses, should be 
interpreted cautiously. The TNM stage was not a prognostic 
factor in the present study for several reasons. The study had a 
relatively small sample size (n = 128). A disproportionately larger 
proportion of patients had stage IV disease (62.7% with stage IV 
disease in this study compared with 51.1% with stage IV disease 
in a previous analysis from our center with a much larger sample 
size (n = 1,501) [14]. The EGFR and ALK positivity rate observed 
in this study was considerably lower than what is generally ob-
served at our center possibly due to selection bias [30]. Subjects 
who had undergone mutation testing could have been excluded 
from this study because they might have been left with inade-
quate tissue specimen for additional histopathological analyses. 

Table 3. Difference in clinical characteristics between PD-L1–posi-
tive and PD-L1–negative subjects

Variable
PD-L1 negative 

(n = 106)
PD-L1 positive 

(n = 22)
p-value

Age (yr) 59.6 ± 10.6 59.5 ± 13.6 .934
Male sex 88 (83.0) 15 (68.2) .240
Smokersa 82 (77.3) 13 (59.1) .051
Body mass index (kg/m2) 20.5 ± 4.0 19.3 ± 3.7 .308
ECOG score ≥ 2 17 (16.0) 2 (9.1) .525
TNM stage at diagnosisa .649

I 2 (1.9) 0�
II 4 (3.8) 1 (4.5)
IIIA 11 (10.4) 2 (9.1)
IIIB 25 (23.6) 2 (9.1)
IV 62 (58.5) 17 (77.3)

Extrathoracic disease
  at baselineb

44 (41.5) 12 (54.5) .311

Liver metastasis 3 (2.8) 4 (18.2) .018
Biopsy siteb .022

Lung 91 (85.8) 12 (54.5)
Lymph node 6 (5.7) 4 (18.2)
Pleura 3 (2.8) 2 (9.1)
Other 4 (3.8) 3 (13.6)

Histology .102
Adenocarcinoma 52 (49.1) 15 (68.2)
Squamous cell carcinoma 54 (50.9) 7 (31.8)

EGFR-positive 5 (4.7) 3 (13.6) .138
ALK-positive 5 (4.7) 2 (9.1) .345
First-line treatment .664

Chemotherapy 80 (75.5) 15 (68.2)
Targeted therapy 12 (11.3) 4 (18.2)
None 14 (13.2) 3 (13.6)

TIL score (%)c .890
0–5 23 (28.0) 7 (31.8)
6–25 33 (40.2) 7 (31.8)
26–50 18 (22.0) 6 (27.3)
> 50 8 (9.8) 2 (9.1)

Values are presented as mean ± SD or number (%).
Tumors with PD-L1 expression > 50% in tumor cells (TC2) were considered 
PD-L1-positive.
PD-L1, programmed death-ligand 1; ECOG, Eastern Cooperative Oncology 
Group; EGFR, epidermal growth factor receptor; ALK, anaplastic lymphoma 
kinase; TIL, tumor-infiltrating lymphocyte; SD, standard deviation.
aData were not available in two patients; bData were not available in three 
patients; cTIL score was not available for 24 patients.
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Fig. 3. Kaplan-Meir plots for overall survival (OS). OS of pro-
grammed death-ligand 1 (PD-L1)–positive subjects was not differ-
ent from PD-L1–negative subjects. The median (95% confidence 
interval) OS was 7.6 months (6.5–8.8) in subjects who were PD-
L1–negative compared with 8.5 months (1.1–16.0) in subjects who 
were PD-L1-positive (log-rank p = .584).

Table 4. Multivariate analysis for predictors of OS

Variable HR (95% CI) p-value

Age 1.00 (0.98–1.03) .708
Female sex 0.39 (0.16–0.98) .046
Smoking 0.84 (0.36–2.00) .682
ECOG PS ≥ 2 0.66 (0.30–1.45) .297
TNM stage IIIB or IV 1.68 (0.82–3.44) .154
Adenocarcinoma histology 0.78 (0.46–1.33) .358
PD-L1–positive 1.47 (0.78–2.77) .231

Tumors with PD-L1 expression > 50% on tumor cells (TC2) or PD-L1 expres-
sion of 1%–50% on tumor cells (TC1) with PD-L1 expression > 10% in TILs 
(IC2) were considered PD-L1–positive.
OS, overall survival; HR, hazard ratio; CI, confidence interval; ECOG PS, 
Eastern Cooperative Oncology Group performance status; PD-L1, pro-
grammed death-ligand 1; TIL, tumor-infiltrating lymphocytes.
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Furthermore, a considerable proportion of lung cancer patients 
diagnosed based on cytology samples were not included in this 
study. 

In conclusion, the present study results showed PD-L1 positiv-
ity and high TILs can be observed in approximately one-fifth and 
one-fourth of the patients with NSCLC, respectively. However, 
PD-L1 expression or high TILs did not affect the OS in our study 
cohort. 
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Osteosarcoma (OSA) is the most common primary malignant 
bone tumor, and it typically occurs in adolescents and young 
adults, with a slight male predominance [1]. OSA primarily af-
fects the metaphysis of the long bones and, less frequently, the 
axial skeleton, including the ribs [2]. Various pathological sub-
types of conventional OSA have been recognized, including os-
teoblastic, chondroblastic, and fibroblastic subtypes. This report 
describes a rare case of epithelioid OSA that involved the rib with 
special rosette-forming structure morphological features. Partic-
ular attention was paid to review the OSA in the rib, which is 
an atypical location for a lesion, and the rare histologic rosette-
forming epithelioid OSA variant. 

CASE REPORT

A 44-year-old male presented with a mass in the right poste-
rior thorax. He reported intermittent upper back pain for the 6 
months prior to admission. An initial chest radiograph showed a 
nonhomogeneous mass that involved the posterolateral aspect of 
the right 7th rib, and contrast-enhanced chest computed tomog-
raphy (CT) indicated an ill-defined osteolytic lesion with coarse 
calcification (Fig. 1). Overall image analysis suggested a malig-

nant bone tumor, including chondrosarcoma. The patient under-
went wide surgical excision of the rib with tumor-free margins. 

Gross examination revealed resected bone with a 6-cm-sized 
hemorrhagic mass with cortical disruption (Fig. 2A). Microscopi-
cally, the tumor was arranged in a trabecular or rosette-like growth 
pattern that contained a fibrillar matrix in the center (Fig. 2B, C). 
Higher magnification exhibited epithelioid tumor cells with a 
plasmacytoid feature of eccentrically located nuclei and an abun-
dant cytoplasm (Fig. 2C, D). The nuclei showed a clumped chro-
matin pattern, and each contained 1 or 2 prominent nucleoli. Mi-
toses were frequent, up to 12 per 10 high-power fields. An area 
of well-defined nests was identified, whereas blood-filled cystic 
spaces exhibited telangiectatic features (Fig. 2E). An irregularly 
interconnected coarse trabecular pattern of immature osteoid 
deposition was obvious throughout the tumor (Fig. 2F). For im-
munohistochemical panels, the neoplastic cells stained negatively 
for cytokeratin AE1/AE3, leukocyte common antigen, CD138, 
CD99, synaptophysin, desmin, and CD34, with the only excep-
tion of a positive reaction for vimentin. The final histologic di-
agnosis was a rosette-forming epithelioid osteosarcoma. 

The postoperative systemic workup did not reveal metastasis, 
and the patient was treated with adjuvant radiotherapy for pro-
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A B

Fig. 1. Radiologic images. (A) Chest radiograph showing an oval mass (arrow) in the right thorax. (B) Computed tomography scan of the 
chest, revealing a large, heterogeneously enhanced mass (arrow) that originated from the right seventh rib, with lytic destruction of the bone 
and coarse calcification.
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Fig. 2. Epithelioid osteosarcoma of the rib. (A) Macroscopic picture of an ill-defined lytic mass of the rib with hemorrhagic cystic degenera-
tion. (B) Microscopic view of the trabecular and rosette-forming pattern that contained a fibrillar matrix in the center. (C) Rosette-like struc-
tures of plasmacyoid tumor cells with eccentrically located nuclei and abundant pale cytoplasm. (D) Mixed epithelioid and plasmacytoid tu-
mor cells. (E) Blood-filled cystic spaces showing telangiectatic features. (F) Neoplastic bones produced by malignant tumor cells are found 
throughout the lesion. 
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phylactic purposes. After one year of follow-up, however, recur-
rence was noted on the adjacent ribs and chest wall, for which the 
patient underwent palliative surgery followed by six cycles of 
adjuvant chemotherapy that consisted of doxorubicin and cispl-
atin. Tumor progression continued with multiple metastases to 
both lungs and the liver, and the patient died four and a half years 
after initial diagnosis. 

DISCUSSION

Primary OSA of the ribs is uncommon, and accounting for 
only 40 (2%) of the total 1,952 cases of OSA reported in the larg-
est series; to date, very few cases have been reported [1-5]. Most 
of the cases that affect the ribs occurred in patients during their 
fourth decade, which was late compared to cases of the long bone, 
which primarily occur in the second decade. The major histologi-
cal variants of conventional OSA are subdivided as osteoblastic, 
chondroblastic, and fibroblastic, while a few other variants are 
classified as giant cell-rich, osteoblastoma-like, and clear cell [1]. 
Scranton et al. first reported the rare epithelioid OSA subtype 
[6]. Several subsequent reports have described cases of epitheli-
oid OSA that affect long bones and the lumbar spine, maxilla, 
and mandible [7-10]. Only one epithelioid OSA that originated 
in the ribs was reported prior to this case [11]. In one of these epi-
thelioid cases, tumor cells showed various patterns of sheet, al-
veolar, acinar, trabecular, organoid, hemangiopericytoma-like, 
and rosette-like appearances [9]. Rosette-forming OSA was il-
lustrated in only two previous studies [8,9]. In the two studies, 
Okada et al. found a rosette-like structure in 16 of 280 cases of 
OSA, which corresponded with a rate of 5.7% [9].

Histopathological differential diagnosis in epithelioid tumors 
of the rib are comprised of various malignant neoplasms includ-
ing metastatic carcinoma, malignant melanoma, and any kind of 
malignant mesenchymal tumor with an epithelioid appearance 
such as a fibrosarcoma, leiomyosarcoma, and an undifferentiated 
sarcoma. Although immunohistochemistry is helpful for differ-
entiation, the tissue samples must be carefully examined to iden-
tify malignant osteoid formation by tumor cells, which is pathog-
nomonic for OSA. Metaplastic bone formations and calcifications 
are relatively common in many benign and malignant tumors, 
but only lace-like osteoid formation by malignant cells is impor-
tant in the differential diagnosis. 

Reported outcomes of patients with OSA indicated traumatic 
improvements after wide excision and multi-agent chemotherapy 
[1]. This strategy of extensive surgical resection and adjuvant 
chemotherapy are also effective in OSA of the ribs and increased 

the likelihood of relapse-free survival [2]. Another study, however, 
indicated that there was no apparent difference in survival rates 
between patients who underwent surgery alone and those who 
underwent both surgery and chemotherapy [4]. Surgical resec-
tion should include the entire thickness of the chest wall with a 
wide margin, including the adjacent ribs, intercostal muscles, 
pleura, and vertebrae. After resection, large chest wall defects 
need to be covered with tissue flaps or mesh material [4].

The prognosis of OSA in the axial skeleton, including the rib, 
is generally poorer than results reported for cases in the extrem-
ity [1]. The 5-year survival rate for patients with rib OSA was 
much lower, at 27%, despite multimodal chemotherapy and ag-
gressive surgery, compared to the higher 65%–75% survival rate 
in patients with OSA in an extremity [4]. Okada et al. [9] report-
ed that rosette-forming OSA is more aggressive than other his-
tological variants; the 5-year survival rate was 15% compared 
to 45% for OSA without rosettes. In addition, 75% of patients 
with rosette characteristics died of multiple lung metastases de-
spite extensive surgery with wide surgical margins and systemic 
chemotherapy [9]. 

In conclusion, this is the first report of a rosette-forming epi-
thelioid OSA that involved the rib. This case illustrates the un-
usual morphological features. Because this OSA is a rare subtype 
and associated with a poor prognosis, additional information re-
garding proper treatment is needed.
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Testicular carcinoid tumors are very rare, with a prevalence of 
less than 1% among all testicular tumors [1]. The first case of 
testicular carcinoid tumor was reported as an element of a be-
nign cystic teratoma by Simon et al. in 1954 [2]. Approximately 
10% of testicular carcinoid tumors are complicated by the carci-
noid syndrome [3,4]. Testicular carcinoid tumors can be divided 
into three subgroups: primary testicular carcinoid tumors, car-
cinoid tumors associated with teratoma, and carcinoid metasta-
sis to the testis [5]. 

Carcinoid tumors were initially considered benign [6]; how-
ever, they are now regarded as potentially malignant neoplasms 
[7]. Furthermore, benign and malignant carcinoid tumors are 
difficult to differentiate histologically, making it important to 
identify metastases. The preferred therapy for carcinoid tumors 
is surgical excision. Other therapies include somatostatin ana-
logs, interferon-α, chemotherapeutics, and radiation. The treat-
ment with somatostatin analogs is limited to symptom control 
in patients with carcinoid syndrome and stabilization of disease 
progression. 

There are only a few studies on testicular carcinoid tumors, and 
the clinical implications of its diagnosis remain unclear. We report 

a very rare case of a carcinoid tumor of the testis with extensive 
lymphatic invasion but no manifestation of carcinoid syndrome. 

CASE REPORT

A 42-year-old man presented with a painless, enlarged right 
testicular mass confirmed by ultrasonography (7.0 × 4.5 × 3.5 cm 
in size). The patient did not have a history of injury or discomfort 
in this region. A computed tomography scan revealed a 7.0 cm 
homogenous enhancing mass with calcification in the right tes-
ticle. Results of laboratory analysis were as follows: α-fetoprotein 
(AFP), 5.03 ng/mL (normal range, 0.1 to 930 ng/mL), beta-hu-
man chorionic gonadotropin, < 0.5 mIU/mL (normal range, 0 to 
5 mIU/mL); and testosterone, 1.83 ng/mL (normal range, 1.2 to 
10.19 ng/mL).

Right radical orchiectomy was performed, and it revealed a 
well-defined, non-encapsulated solid white mass with calcifica-
tion (7.0 × 4.5 × 3.5 cm) and no cystic components. The cut sur-
face was clear and evenly white, with no hemorrhage or necrosis 
(Fig. 1). The spermatic cord did not show any abnormalities. Fol-
lowing the surgery, the patient has been alive and well for 13 
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A B

Fig. 1. Gross appearance of the right testicular mass. (A) A well-defined, non-encapsulated solid white mass is observed. (B) The cut sur-
face is clear and evenly white without hemorrhage or necrosis.

Fig. 2. Microscopic findings of the testicular carcinoid tumor. (A) Organoid, trabecular, and solid patterns are visible. (B) The cells have a uni-
form polygonal appearance with fine granular cytoplasm and round nuclei containing fine chromatin and small nucleoli. (C, D) Extensive mul-
tifocal lymphatic invasion is detected.
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months without lymph node metastasis or recurrence.
On microscopy, a hematoxylin and eosin stained tumor section 

showed organoid, trabecular, and solid patterns with rosette for-
mation. The cells had a uniform polygonal shape with fine gran-
ular cytoplasm and round nuclei containing fine chromatin and 
small nucleoli (Fig. 2A, B). The mitotic figure was 0 per high-
power field (HPF). Ki67 proliferation index was less than 1%, 
and tumor necrosis was absent. Extensive multifocal lymphovas-
cular invasion was identified (Fig. 2C, D). There were no germ 
cell neoplasia in situ or other germ cell tumor components and 
no teratomatous component. The tumor had invaded the rete 
testis (pT2). Hemorrhage and necrosis were not observed. Further 
evaluation by immunohistochemistry showed the tumor was 
positive for synaptophysin, chromogranin, and CD56 (Fig. 3A, B) 
and negative for GATA3, OCT3/4, CD30, AFP, and c-kit. CD31 
showed positivity in the lymphovascular endothelium (Fig. 3C), 
and D2-40 showed positivity in the lymphatic endothelium (Fig. 

3D). Based on the morphological and immunohistochemical 
findings, this case was diagnosed as primary testicular carcinoid 
tumor. The tumor was staged as pT2N0M0.

DISCUSSION

The incidence of testicular tumors is low, and testicular carci-
noid tumors account for only 1% of all testicular tumors [8]. Pri-
mary testicular carcinoid tumors are exceedingly rare, and only a 
few cases have been reported in the literature. These tumors pres-
ent in patients typically between their second and ninth decades 
of life, with an average diagnosis age of 46 years [9,10]. Testicu-
lar carcinoid tumors often do not elicit symptoms, or they cause 
symptoms similar to those of other testicular tumors. The symp-
toms are not specific, and the carcinoid syndromes are often not 
recognized until the histological diagnosis is confirmed.

In contrast to most ovarian carcinoid tumors that present as 

Fig. 3. Immunohistochemical staining is positive for chromogranin and (A) synaptophysin (B). (C) CD31 shows positivity for lymphovascular 
endothelium. (D) D2-40 shows positivity for lymphatic endothelium.
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teratomatous components, most testicular carcinoid tumors are 
histologically pure [11,12]. Carcinoid tumors are 15 times more 
common in the ovaries than in the testicles. Ovarian carcinoid 
tumors are most often associated with mature cystic teratomas, 
which constitute the most common type of ovarian germ cell tu-
mors in females up to 30 years of age [13].

Histogenesis of testicular carcinoid tumors has not yet been 
defined. There is a strong rationale that testicular carcinoid tu-
mors are of germ cell origin. Most tumor cases in the testes, es-
pecially solitary, large tumors, are likely to be primary. Testicular 
tumors are considered primary when metastasis from another 
primary tumor has been reasonably ruled out. Malignant out-
comes have been reported in approximately 16% of cases. Fea-
tures correlated with adverse outcomes include coagulative ne-
crosis, 2 to 10 mitoses per 10 HPFs, atypical mitoses, and atypical 
carcinoid tumor-like features [14]. The present case was primary 
testicular carcinoid tumor, and no metastasis was identified. Co-
agulative necrosis and mitosis, which are usually seen in atypical 
carcinoid tumor, were not identified. Compared to previously 
reported cases, this tumor showed extensive lymphovascular in-
vasion without atypical carcinoid tumor pattern. 

The key features of testicular carcinoid tumors are organoid 
and trabecular patterns, with tumor cells arranged in solid nests 
or cords. The tumor cells have uniform polygonal shapes with 
fine granular cytoplasm and round nuclei containing fine chro-
matin and small nucleoli.

Testicular carcinoid tumors usually have a good prognosis; 
however, when there is an unusual presentation of the disease, 
such as extensive lymphatic invasion as in this case, a close fol-
low-up is necessitated. The presence of multifocal lymphovascu-
lar invasion in this case was striking and warranted close clinical 
follow-up and further work-up.

This is the first report of a primary testicular neuroendocrine 
tumor with extensive lymphatic invasion. Additionally, patients 
with malignant tumors exhibit a prolonged clinical course be-
fore death, which usually results from distant metastases. There-
fore, a long-term follow-up evaluation is necessary for patients 
with this neoplasm. 
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Fusobacterium nucleatum (Fn) was first noted to be associated 
with colorectal cancer (CRC) in 2012 [1]. Since then there have 
been several publications in retrospective cohorts analyzing the 
relationship between colorectal tumor fusobacterial abundance, 
clinical and molecular characteristics and clinical outcomes [1]. 
The majority of studies, including ‘Prognostic impact of Fusobacte-
rium nucleatum depends on combined tumor location and microsatellite 
instability status in stage II/III colorectal cancers treated with adjuvant 
chemotherapy’ by Oh et al. [2] published in Journal of Pathology 
amd Translational Medicine, utilize quantative polymerase chain 
reaction for the NusG gene in Fn relative to a control prosta-
glandin transporter gene (SLCO2A1). Many of these studies 
utilize formalin-fixed paraffin-embedded (FFPE) tissue that has 
been stored for up to two decades. Although this enables a long 
follow-up period for clinical outcomes, recent data from our lab 
shows that advanced age of sample significantly impairs the ability 
to detect Fn. 

Oh et al. [2] analyzed 747 surgical samples of stage III and 
high-risk stage II CRCs that had been preserved in FFPE for-
mat. These participants had surgery between 2005 and 2012—
making their specimens 6–13 years old at time of analysis. Five 
hundred and ninety-three samples were of quality to be included 
in the analysis. Oh et al. [2] noted a detection rate for Fn of 68.8%. 
They used a median cutoff to divide Fn-positive results into Fn-
high and -low then grouped Fn-low with Fn-negative for analy-
sis. Oh et al. [2] found participants with Fn-high CRCs to have 

significantly higher T score and were more likely to be proximal 
cancers. Fn-high non-sigmoid colon cancers that subsequently 
received adjuvant chemotherapy had significantly improved sur-
vival compared to Fn-low/negative. This association was intensi-
fied among the MSI-low sub-group. 

In their discussion, Oh et al. [2] make note of their unpub-
lished data showing more recently collected and embedded speci-
mens had higher rates of Fn positivity. They infer Fn detection 
rate could be affected by storage time. 

Based on our data, we would like to support this unpublished 
finding of Oh et al. [2] and demonstrate a significant negative 
relationship between storage time of FFPE tissue and detection 
of Fn. 

We analyzed fusobacterial abundance in diagnostic biopsies 
from 202 locally advanced rectal cancers (LARCs) from patients 
diagnosed and treated in Irish hospitals between 2000 and 
2020, using the same qPCR method as Oh et al. [2].

Ten point four percent of LARC diagnostic biopsies were posi-
tive for Fn. The age of sample at time of analysis was measured 
in months between diagnostic biopsy and analysis by qPCR. Posi-
tive samples were more likely to be younger. The median sample 
age among Fn-positive samples was 57 months, compared to 
134 months for Fn-negative samples. The age of samples was 
significantly different between negative and positive groups on 
Wilcoxon Rank-sum (z = 3.568, p < .001) (Fig. 1).

The samples in our study, and that by Oh et al. [2], were pre-
served in FFPE format. FFPE processing can induce DNA dam-
age itself and over time DNA slowly degrades in FFPE format 
and length of amplifiable DNA fragments become shorter [3,4]. 
Most research on DNA degradation focuses on mammalian, 
eukaryotic DNA but there is emerging evidence that FFPE 

Fusobacterium nucleatum: caution with interpreting 
historical patient sample cohort

Kate L. F. Johnstone1, Sinead Toomey1, Stephen Madden2, Brian D. P. O’Neill3, Bryan T Hennessy1

1Medical Oncology Laboratory, Department of Molecular Medicine, Royal College of Surgeons in Ireland, Beaumont Hospital, Dublin; 
2Data Science Centre, Royal College of Surgeons in Ireland, Dublin; 

3St Luke’s Radiation Oncology Network, Dublin, Ireland

LETTER TO THE EDITOR
Journal of Pathology and Translational Medicine 2021; 55: 415-418
https://doi.org/10.4132/jptm.2021.08.27

Received: July 22, 2021  Revised: August 23, 2021
Accepted: August 27, 2021

Corresponding Author: Kate L. F. Johnstone, MBChB
Medical Oncology Laboratory, Department of Molecular Medicine, Royal College of 
Surgeons in Ireland, Smurfit Building, Beaumont Hospital, Dublin 9, Ireland 
Tel: +353-1-809-3823, Fax: +353-1-809-3778, E-mail: katejohnstone@rcsi.com



https://jpatholtm.org/ https://doi.org/10.4132/jptm.2021.08.27

416     •  Johnstone KLF et al.

preservation may disproportionately affect bacterial DNA [4,5].
A review of published studies detecting Fn with the same 

qPCR method with change in cycle thresholds (qPCR ∆CT) 
shows some tendency for older sample cohorts to have lower rates 
of Fn detection. Table 1 compares rates of Fn detection from low-
est to highest between publications that used similar methods to 
evaluate Fn in CRC tumor samples, format samples were stored 
in and the age of the samples at time of analysis. Sample age was 
calculated from the difference between years of collection and 
date of publication, but it is likely DNA may have been extracted 
years before analysis and that analysis may have occurred some-
time before publication in some cases [6-27]. Only Oh et al. [2] 
and Mima et al. [8-10] commented that year of diagnosis (and 
therefore age of sample) was associated with Fn detection rates. 
There appears to be a pattern between age of cohorts and rates 
of detection of Fn, but frozen samples and fluorescent in situ 
hybridization or ddPCR method appear to increase sensitivity 
too. Unfortunately, as studies did not include supplementary 
data or reports of age of samples meta-analysis was not possible, 
but we acknowledge this would be ideal.

As shown by us and Oh et al. [2], the ability to detect Fn 
from FFPE CRC tissue using qPCR declines significantly with 
time. Even with adjustment for age of sample, the association 
between Fn-status and prognosis (or other clinical outcomes) 
may be underestimated by using older cohorts with FFPE spec-
imens. This is important to bear in mind for interpretation of 
previously published retrospective cohorts and suggests that 
more recently diagnosed cohorts may be more appropriate to 
use in the future.

Ethics Statement
Tumor samples were obtained from patients enrolled on the TRI-LARC 
clinical trial (NCT02151019). Historical tumor samples were obtained 
from tumor banks under the auspices of Institutional Review Board-ap-
proved protocols. Informed consent for tumor biobanking and research 
studies was obtained from all patients.

Availability of Data and Material 
The datasets generated or analyzed during the study are available from the 
corresponding author on reasonable request.

Code Availability
Not applicable.

ORCID 
Kate L. F. Johnstone	 https://orcid.org/0000-0001-7735-2053 
Sinead Toomey	 https://orcid.org/0000-0002-1365-8173
Stephen Madden	 https://orcid.org/0000-0002-0489-4588
Bryan T Hennessy	 https://orcid.org/0000-0002-7871-6477

Author Contributions  
Conceptualization: KLFJ, ST, BTH. Data curation: KLFJ, ST. Formal analy-
sis: KLFJ, SM. Funding acquisition: ST, BTH, BDPO. Investigation: KLFJ, 
ST. Methodology: KLFJ, ST. Supervision: ST, BTH. Validation: KLFJ, ST. 
Writing—original draft: KLFJ. Writing—review & editing: KLFJ, ST, SM, 
BTH. Approval of final manuscript: all authors.

Conflicts of Interest
The authors declare that they have no potential conflicts of interest.

Funding Statement
No funding to declare.

References
1.	Brennan CA, Garrett WS. Fusobacterium nucleatum: symbiont, 

opportunist and oncobacterium. Nat Rev Microbiol 2019; 17: 156-
66.

2.	Oh HJ, Kim JH, Bae JM, Kim HJ, Cho NY, Kang GH. Prognostic 
impact of Fusobacterium nucleatum depends on combined tumor 
location and microsatellite instability status in stage II/III colorectal 
cancers treated with adjuvant chemotherapy. J Pathol Transl Med 
2019; 53: 40-9.

3.	Groelz D, Viertler C, Pabst D, Dettmann N, Zatloukal K. Impact of 
storage conditions on the quality of nucleic acids in paraffin embed-
ded tissues. PLoS One 2018; 13: e0203608.

4.	Flores Bueso Y, Walker SP, Tangney M. Characterization of FFPE-
induced bacterial DNA damage and development of a repair meth-
od. Biol Methods Protoc 2020; 5: bpaa015.

5.	Walker SP, Tangney M, Claesson MJ. Sequence-based characteriza-
tion of intratumoral bacteria: a guide to best practice. Front Oncol 
2020; 10: 179.

6.	Nosho K, Sukawa Y, Adachi Y, et al. Association of Fusobacterium 
nucleatum with immunity and molecular alterations in colorectal 
cancer. World J Gastroenterol 2016; 22: 557-66.

7.	Lee DW, Han SW, Kang JK, et al. Association between Fusobacterium 
nucleatum, pathway mutation, and patient prognosis in colorectal 
cancer. Ann Surg Oncol 2018; 25: 3389-95.

8.	Mima K, Sukawa Y, Nishihara R, et al. Fusobacterium nucleatum 

250

200

150

100

50

0

Ag
e 

of
 s

am
pl

e 
(m

o)

Negative                                            Positive

Sample age (mo) by fusobacterial status 

Fig. 1. Age of sample at time of analysis in months by fusobacteri-
al status (negative for Fn vs. positive for Fn). The negative samples 
are significantly older than the positive samples (median age, 134 
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Comparison of Fn detection rates in publications analyzing CRC tumors by detection method, sample storage format and sample age. There is some tenden-
cy for older sample cohorts to have lower rates of detection, for frozen or fresh samples to have higher detection rates compared to FFPE, and ddPCR and 
FISH may be more sensitive methods than the ubiquitous quantitative polymerase chain reaction for Fn relative to control gene (qPCR ∆CT).
Fn, Fusobacterium nucleatum; CRC, colorectal cancer; qPCR ∆CT, ubiquitous quantitative polymerase chain reaction for Fn relative to control gene; FFPE, 
formalin-fixed paraffin-embedded; ddPCR, digital droplet polymerase chain reaction; FISH, fluorescent in situ hybridization.
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Dear Editor,
We read the paper, “Breast implant-associated anaplastic large 

cell lymphoma: the first South Korean case,” with great interest 
[1]. The authors described a Korean case of breast implant-asso-
ciated anaplastic large cell lymphoma (BIA-ALCL), including the 
clinical manifestations and pathologic features. They claimed 
that it was the first South Korean BIA-ALCL case. However, to 
our understanding, this is not true. One of the co-authors of the 
paper, Dr. Eun Key Kim, presented this case at the Breast Re-
construction Symposium held on June 10, 2020, and described 
the case as “the second BIA-ALCL case in Korea” [2]. The first 
case of BIA-ALCL in Korea was a 44-year-old female patient di-
agnosed and treated at Yeungnam University Medical Center in 
August 2019, and the case was presented on November 9, 2019, 
at the 77th PRS KOREA, the main academic conference orga-
nized by the Korean Society of Plastic and Reconstructive Sur-
geons [3]. 

The first case of BIA-ALCL in Korea led to several important 
changes for plastic surgeons. After the first BIA-ALCL case was 
reported, all hospitals in Korea stopped using textured breast 
implants and switched to smooth breast implants. Moreover, 
Korean medical insurance does not cover the treatment for any 
complications of uninsured cosmetic surgery. BIA-ALCL is re-
garded as one such complication. Without insurance, the cost 
of BIA-ALCL treatment is an excessive burden on most patients. 
Hence, the medical staff and the Korean Society of Plastic Sur-
geons requested the Health Insurance Review and Assessment 
Service to cover BIA-ALCL, and it was approved. As such, the 

first case of BIA-ALCL in Korea is a meaningful and memorable 
case for all plastic surgeons.

The case report of the first case of BIA-ALCL in Korea was 
published online in December 2020 and published in print in 
April 2021 [4]. Molecular analysis and histopathologic analysis 
were performed, although these were time-consuming. Mean-
while, the authors published the second case of BIA-ALCL in 
Korea as the first case. This may be the first published case re-
port but it is not the first identified case [1]. Hence, in our opin-
ion, this should be amended.
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• �FDA-approved liquid biopsy using circulating 
cell-free DNA is an excellent tool when tumor 
tissue is inaccessible or limited [1]. While 
liquid biopsy has a faster turnaround time, it 
has a higher false-negative rate than standard 
biopsy NGS. 

NON-SMALL CELL LUNG  
CARCINOMA (NSCLC)

• �Molecular profiling is used to predict therapeu-
tic efficacies in NSCLCs and typically includes 
EGFR, KRAS, ROS1, ALK, MET, BRAF, RET, 
ERBB2 (HER2), and NTRK [2]. Also useful is 
PD-L1 (programmed cell death ligand-1) by 
immunohistochemistry (IHC) to predict 
response to immune checkpoint inhibitors.

• �EGFR mutations involve 10%-35% of lung 
adenocarcinoma in Western populations (and as 
high as 50% in Asian populations) and 3% of 
lung squamous cell carcinoma (SqCC). Muta-
tions can predict therapeutic response to EGFR-
specific tyrosine kinase inhibitors (TKIs).

    - �Acquired resistance inevitably develops, 
mostly commonly due to EGFR T790M 
missense mutation, accounting for ~50% of 
acquired resistance mutations. FDA-approved 
EGFR-inhibiting drugs that specifically 
target T790M or exon 20 insertion mutation 
are available.

    - �MET amplification (by FISH or NGS) is 
responsible for 5%-20% of anti-EGFR 
resistance. 

• �KRAS mutations are detectable in 25%-35% of 
lung adenocarcinoma, and 5% of SqCC. 
Activating mutations in codons 12 and 13, and, 
less commonly, codon 61, predict unfavorable 
prognosis and EGFR-TKI resistance. A KRAS 
inhibitor drug that specifically targets the 
G12C missense mutation (seen in ~13% of 
NSCLCs) is available.

• �ALK activating rearrangements occur in ~5% 
of lung adenocarcinoma, particularly in young 
non-smokers. The most common fusion gene 
product is EML4-ALK, which predicts response 
to ALK inhibitors. FISH is the gold standard 
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Abstract
The linchpin of precision medicine is molecular 
genetic and genomic testing. Molecular biomark-
ers are important for establishing precise diagno-
ses and for predicting therapeutic responses that 
enable cancer patients to receive personalized and 
targeted treatment. Below are highlights of the 
current considerations in next generation 
sequencing (NGS) panel selection, and in 
molecular testing of solid tumors of the lung, 
digestive system, thyroid and soft tissue.

NEXT GENERATION SEQUENCING 
PANEL SELECTION

• �The use of targeted NGS panels (comprising up 
to several hundred genes) is more common than 
whole exome sequencing (WES) in clinical 
practice. Pros and cons of WES or large 
targeted panels compared to small hotspot 
panels include the following:

    - �Comprehensive tumor profiling maximizes 
the chances of uncovering clinically relevant 
alterations.

    - �They require more tumor tissue, cost more 
for data analysis and storage, and entail more 
complex interpretation.

for testing, but IHC, RT-PCR and NGS can 
also be used.

• �ROS1 gene fusion (1%-2% of NSCLCs) 
signifies response to certain ALK inhibitors due 
to homology between the rearranged ROS1 and 
ALK genes.

• �MET exon 14 skipping mutations, BRAF 
V600E mutation, RET gene fusion and NTRK 
gene fusion can predict therapeutic response to 
their respective inhibitors.

COLORECTAL CARCINOMA (CRC) 
AND CHOLANGIOCARCINOMA

• �EGFR targeted treatment is effective in the 
absence of KRAS and NRAS mutations. 
Mutational analyses of KRAS and NRAS genes 
should include codons 12, 13, 59, 61, 117 and 
146. Other drug resistance biomarkers include 
BRAF mutations and PIK3CA/PTEN deregu-
lation.

• �Despite its low prevalence in CRC (2%–3%), 
ERBB2 (HER2) amplification is emerging as a 
potential therapeutic target [3]. Furthermore, 
activation of ERBB2 (HER2) signaling causes 
resistance to anti-EGFR therapy in a subset of 
patients with metastatic CRC. 

• �NTRK fusions can be evaluated in CRC due to 
the availability of targeted therapies.

• �FGFR gene fusion is detected in ~10% of 
intrahepatic cholangiocarcinoma for which two 
FGFR-targeted tyrosine kinase inhibitors have 
been approved - pemigatinib and infigratinib.

THYROID CARCINOMA

• �Papillary thyroid carcinoma may harbor BRAF 
mutations (especially V600E), TERT promoter 
mutations, and, less commonly, RET/PTC1/2/3 
rearrangements and RAS mutations.

• �PAX8-PPARγ fusion, RAS mutations, and 
TERT mutations are enriched in follicular 
thyroid carcinoma, while BRAF V600E is 
unusual. RAS mutations are also seen in a 
minority of benign follicular adenomas.
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• �More than 60% of medullary thyroid carcino-
mas show somatic RET mutations. 

• �Anaplastic thyroid carcinomas can harbor 
TERT, TP53 and/or BRAF mutations. 

• �Preoperative molecular testing is valuable in 
thyroid nodules with indeterminate FNA 
cytology. The gene panel typically includes 
TERT, BRAF, PAX8/PPARγ, RAS, RET/PTC 
and TP53. Below are three commonly used 
commercial platforms:

    - �ThyroseqTM  involves next-generation DNA 
and RNA sequencing of 112 genes to stratify 
thyroid nodules as likely benign or likely 
malignant. 

    - �Afirma® Gene Sequencing Classifier is an 
RNA-based test. Similar to ThyroSeqTM, it is 
mostly a rule-out assay with acceptable 
rule-in capability. 

    - �ThyGeNEXT®/ThyraMIR® uses a combina-
tion of two tests. If no mutation is found in 
the first panel by DNA and RNA sequenc-
ing, another test is performed using micro-
RNA expression.

BONE AND SOFT TISSUE TUMORS

• �Molecular testing has led to the discovery of 
new mesenchymal tumor entities. For example, 
CIC-DUX4 sarcoma is a recently described 
small round blue cell tumor associated with 
more aggressive disease than Ewing sarcoma 
with characteristic EWSR1-FLI1 fusion. 
Immunohistochemical detection of ETV4, a 
transcriptional target of CIC-DUX4, is a useful 
diagnostic tool.

• �Amplification of the MDM2 gene detectable 
by IHC/FISH/NGS is helpful for confirming a 
diagnosis of atypical lipomatous tumor/
well-differentiated liposarcoma (~93%) or 
dedifferentiated liposarcoma (~97%). The 
oncogenicity of MDM2 is related to TP53 inac-
tivation (Fig. 1).

• �Gene fusion testing by FISH or NGS is helpful 
for classifying rhabdomyosarcomas [4].

    - �Recurrent gene fusions are detected in ~80% 
of alveolar rhabdomyosarcoma (ARMS), and 
involve mostly the FOXO1 gene fusing with 
either PAX3 or PAX7. Fusion positive 
ARMS is associated with a worse prognosis 
than fusion negative ARMS. 

    - �Embryonal rhabdomyosarcoma (ERMS) 
characteristically lacks gene fusions, but 
shows chromosomal losses/gains and gene 
mutations. ERMS is similar to fusion 
negative ARMS in clinical behavior. 

    - �Most congenital/infantile spindle cell and 
sclerosing rhabdomyosarcomas show NCOA2 
in addition to VGLL2 gene fusions. This 
entity is associated with a favorable progno-
sis. However, patients who harbor MYOD1 
mutations tend to have aggressive disease.
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Fig. 1. Dedifferentiated liposarcoma with neoplastic spindle cells in perigastric mass. (A) H&E stain, 40 x.  (B) 
FISH shows abnormally amplified MDM2 gene (orange signals) relative to CEP12 control (green). MDM2/
CEP12 ratio > 2.0:1 normal cut-off.
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