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Tumor Budding Correlates With the Protumor
Immune Microenvironment and Is an Independent
Prognostic Factor for Recurrence of Stage I Lung
Adenocarcinoma
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BACKGROUND: Immune cell infiltration associated with tumor capsule disruption and tumor
budding has been shown to reflect invasiveness, metastasis, and unfavorable prognosis in colo-
rectal cancer. We investigated the influence of tumor budding on prognosis and its association
with the immune microenvironment in lung adenocarcinoma.

METHODS: Tumor slides from resected stage I lung adenocarcinomas were reviewed (n = 524
and n =514, for training and validation cohorts, respectively) for assessment of tumor bud-
ding. CD3* and forkhead box P3* (FoxP3*) lymphocytes, CD68* macrophages, IL-7 receptor,
and IL-12 receptor 32 were analyzed using tissue microarrays constructed from tumor and
stroma. Probability of recurrence was calculated using the competing risks method.

RESULTS: In the training cohort, risk of recurrence for high-grade tumor budding was higher
than it was for low-grade tumor budding (32% vs 12%, P<<.001), which was confirmed in the val-
idation cohort (P =.005). Tumor budding stratified the risk of recurrence for acinar-predominant
(22% vs 9%, P <.001), papillary-predominant (22% vs 13%, P =.045), and solid-predominant
(39% vs 19%, P=.022) tumors. Tumor budding was associated with higher stromal FoxP3+
lymphocyte infiltration, higher stromal FoxP3/CD3 risk index, higher tumoral and stromal
CD68+ macrophage infiltration, and IL-7 receptor overexpression (P <.001, all associations).
Tumor budding remained independently associated with recurrence on multivariate analysis
(hazard ratio, 1.61; P =.008).

coNcLusIONs: Tumor budding is an independent prognostic factor of stage I lung adenocar-
cinoma and correlates with the protumor immune microenvironment. Our findings advocate
investigating tumor-immune cell interactions at the invading edge as a biologic driver of tumor

aggressiveness.
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Adenocarcinoma is the most common histologic type of
lung cancer, and the rate of adenocarcinoma has increased
during the last decade.!? Following results of previous
randomized trials assessing low-dose CT screening for
lung cancers,*5 it is anticipated that there will be an
increase in the number of patients diagnosed with early-
stage lung adenocarcinoma. The present TNM staging
system is the most reliable prognostic tool for lung can-
cers.s Additionally, prognostic significance of histologic
subtypes—based on the 2011 International Association
for the Study of Lung Cancer, American Thoracic Society,
and European Respiratory Society (IASLC/ATS/ERS)
lung adenocarcinoma classification system’—has been
validated in large, independent cohorts spanning mul-
tiple countries.®'2 A limitation of the IASLC/ATS/ERS
classification is that the majority (> 40%) of adenocar-
cinoma cases are classified as intermediate-grade,
acinar or papillary subtype, and these patients also dis-
played a wide spectrum of clinical outcomes.®'? Thus, it
would be helpful to identify significant prognostic
factors that can further stratify patients within the
intermediate-grade group. In this study, we investigated
whether tumor budding can predict patient disease
recurrence and can be used to further stratify patients
with histologically intermediate-grade tumors into
prognostic subgroups.

Tumor budding, which is defined as the presence of isolated
small tumor nests (composed of <5 tumor cells) in the

stroma at the outer edge of the tumor, has been shown
to reflect tumor invasive behavior and is an unfavorable
prognostic factor of colorectal cancers.'>! In their
attempts to unravel the biologic significance of tumor
budding, investigators have noted that tumor budding
may be associated with epithelial mesenchymal transi-
tion, thereby increasing cancer cell migration and inva-
sion.!s18 In breast cancer, immune-induced responses
have been shown to promote epithelial mesenchymal
transition.!®2! More importantly, studies have demon-
strated that tumor-associated macrophages—especially
those of the tumor-promoting M2 phenotype—are fre-
quently found within regions of tumor budding?? and
that they have contributed to induction of cancer cell
epithelial mesenchymal transition at the tumor invasive
front.2>25

Prognostic significance of tumor budding and its corre-
lation with immune factors have yet to be investigated
in early-stage lung adenocarcinoma. We demonstrated
that stromal forkhead box P3 (FoxP3)/CD3 lymphocyte
risk index, tumoral IL-7 receptor (IL-7R) overexpres-
sion, and loss of tumoral IL-12 receptor 32 (IL-12RB2)
expression were independent prognostic factors of stage
I lung adenocarcinoma.? In this study, we investigated
whether tumor budding correlated with tumor-infiltrating
immune cells (CD3* or FoxP3+ lymphocytes and
CD68* macrophages) and immune markers (IL-7R and
IL-12RP2).

Materials and Methods
Patients

This retrospective study (WA0269-08) was approved by the institutional
review board at Memorial Sloan Kettering Cancer Center (MSK) and
was designed in accordance with REMARK (Reporting Recommen-
dations for Tumor Marker Prognostic Studies) guidelines (Fig 1).27
We reviewed patients with pathologic stage I solitary lung adenocar-
cinoma who had undergone surgical resection at MSK between 1995
and 2009. Tumor slides from 1,038 patients were available for histologic
evaluation and were included in this study. Clinical data were collected
from our prospectively maintained lung adenocarcinoma database.
Of the 1,038 patients with available tumor slides, 585 were tested for
EGFR and KRAS mutation status. Disease stage was assigned based of
the seventh edition of the American Joint Committee on Cancer Staging
Manual
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Histologic Evaluation

All available hematoxylin and eosin (H&E)-stained tumor slides were
reviewed by two pathologists (K. K. and W. D. T.), both of whom were
unaware of patients’ clinical outcomes, using an Olympus BX51 micro-
scope (Olympus Corporation) with a standard 22-mm diameter eye-
piece. Discrepancies in histologic evaluation between the pathologists
were later resolved by consensus using a multihead microscope. Tumors
were classified according to the TASLC/ATS/ERS classification” and
were grouped into three architectural grades on the basis of histologic
subtype: (a) low-grade (adenocarcinoma in situ, minimally invasive
adenocarcinoma, and lepidic predominant); (b) intermediate-grade
(papillary-predominant and acinar-predominant); and (c) high-grade
(micropapillary-predominant, solid-predominant, invasive mucinous,
and colloid-predominant).2%-32

After reviewing the entire set of tumor slides at intermediate-power fields
of X100 magnification, we assessed tumor budding at the most invasive
area with the maximal number of the smallest tumor nest (Fig 2A).
Tumor budding was defined as small tumor nests composed of fewer
than five tumor cells (Fig 2B) and was quantified by counting 10 high-
power fields (HPFs) at X200 magnification.'* During evaluation using
10 HPFs, the maximum number of tumor buds per one HPF was con-
sidered the number of buds for each tumor. We then classified tumor
budding as grade 0 (zero buds per HPF), grade 1 (one to four) (Fig 2C),
grade 2 (five to nine), or grade 3 (=10) (Fig 2D).141617

Nuclear atypia was identified in the area with the highest degree of
atypia and was graded as mild, moderate, or severe.2%33 Mitoses were
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Figure 1 - Flowchart of the study design. We reviewed patients with pathologic stage I lung adenocarcinoma who had undergone surgical resection

(N = 1,038). Tumors were classified according to the IASLC/ATS/ERS classification. Prognostic immune scores (CD3, FoxP3, CD68, IL-7R, and
IL12-RB2), based on tissue microarray analysis, were dichotomized as low or high. To dichotomize tumor budding as low or high, the entire cohort was
split into a training cohort (n = 524) and a validation cohort (n = 514). After reviewing tumor slides at intermediate-power fields at X 100 magnifica-
tion, tumor budding was assessed at the area with the maximal number of smallest tumor nests composed of fewer than five tumor cells and was quanti-
fied by counting 10 HPFs at X 200 magnification. During evaluation using 10 HPFs, maximum number of tumor buds per one HPF was considered the
number of buds for each tumor. Tumor budding was classified as grade 0 (zero buds per HPF), grade 1 (one to four), grade 2 (five to nine), or grade 3
(=10). On the basis of our results, tumors were classified as having high-grade (grade 2-3) or low-grade (grade 0-1) tumor budding. FoxP3 = forkhead
box P3; HPF = high-power field; IASLC/ATS/ERS = International Association for the Study of Lung Cancer, American Thoracic Society, and European

Respiratory Society; IL-7R = IL-7 receptor; IL-12R2 = IL-12 receptor 32.

evaluated using 50 HPFs at X400 magnification (0.237 mm? field) in
areas with the highest mitotic activity and were counted as the average
number of mitotic figures per 10 HPFs; they were classified as either low
(zero to one mitotic figure per 10 HPFs), intermediate (two to four), or
high (five or more).2>3 Visceral pleural invasion, lymphovascular inva-
sion, and tumor necrosis were also investigated.

Immunohistochemical Analysis Using Tissue Microarrays

Prognostic immune scores via tissue microarray were obtained from our
previous publication.26 Each tissue microarray core was scored for degree
of immune cell infiltration in tumor and tumor-associated stroma:
CD3* lymphocyte (score 1 [positive cells/core < 50]; 2 [51-150]; 3 [>150]),
FoxP3+* lymphocyte (score 1 [<20]; 2 [21-50]; 3 [>50]), and CD68*
macrophage (score 1 [<50]; 2 [51-100]; 3 [>100]). Scores were aver-
aged per patient and were defined by score 1 (average score, 1.0-1.67),
2 (1.67-2.33), 3 (>2.33); scores 2 to 3 were regarded as high. Tumoral
IL-7R was scored by intensity (0, no expression; 1, mild; 2, intermediate;
3, strong) and distribution (0, 0%; 1, <50%; 2, = 50%); scores = 1 were
regarded as positive. Tumoral IL-12RB2 was scored by intensity and
scores = 1 were regarded as positive.

Statistical Analysis

The cohort was split into training and validation sets (random 1:1 split,
stratified by temporal interval of surgery as follows: 1995-2000, 2001-
2003, and every 2-year intervals thereafter). Our primary objective was
to investigate tumor budding as a predictor of recurrence. This was con-
ducted in the training cohort and confirmed in the validation cohort.
Next, we conducted secondary analysis, which was stratified by path-

ologic stage, surgical procedure, and histologic subtype, and analyzed
the association between tumor budding and immune factors using the
entire cohort.

Associations between variables were analyzed using the Pearson x? test
(categorical variables) and the Wilcoxon signed-rank test (continuous
variables). Cumulative incidence of recurrence (CIR) was estimated
using a cumulative incidence function that accounted for death with-
out recurrence as a competing event.3** Follow-up was calculated from
date of surgery to date of any first recurrence, death from any cause, or
last follow-up. Differences in CIR between groups were assessed using
the Gray method (univariate nonparametric analysis) and the Fine-Gray
competing risk model (multivariate analysis).?53 Overall survival (OS)
was estimated using the Kaplan-Meier method and nonparametric group
comparisons were performed using the log-rank test.

The clinicopathologic factors significantly associated with either tumor
budding or the outcome on univariate analysis were considered for
inclusion on multivariate analysis. If two or more factors were strongly
correlated with each other (ie, lymphatic, vascular and pleural invasion,
nuclear atypia, and mitotic count) only one of them was included in
the model.

All P values were based on two-tailed statistical analysis, and P<.05
was considered to indicate statistical significance. Statistical analyses
were conducted using SAS version 9.2 (SAS Institute Inc) and R (version
3.0.1; R Development Core Team, The R Foundation), including the
“survival” and “cmprsk” packages.

journal.publications.chestnet.org

713


journal.publications.chestnet.org

Results

Patient Clinicopathologic Characteristics

The median age of the 1,038 patients was 69 years
(range, 23-96 years). Most patients were women

(n = 646), and most had stage IA disease (n=731).
Regarding surgical procedures, 796 patients had under-
gone lobectomy, and 242 had undergone limited resec-
tion (segmentectomy [n = 76] and wedge resection
[n=166]). Only 14 patients (1%) received adjuvant
chemotherapy.

During the study period, 14% of patients (n = 144)
experienced recurrence (locoregional [n = 44] and dis-
tant [n = 100]) and 15% (n =151) died of any cause with-
out documented recurrence. The median follow-up
period for patients who did not experience recurrence
was 37.4 months (range, 0.3-160.0 months). Associations
between clinicopathologic factors and disease recur-
rence on univariate analysis are summarized in Table 1.

Tumor Budding and Risk of Recurrence/0OS

In the training cohort, 5-year CIR for patients with
grade 2 and grade 3 tumor budding (5-year CIR,
32% and 33%, respectively) was higher than it was
for patients with grade 0 and grade 1 tumor budding
(5-year CIR, 9% and 19%, respectively). On the basis
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Figure 2 - A-D, Histologic findings
of tumor budding (original magnifi-
cations: A, X40; B, X400; C, D,
X200). A, Tumor budding identified
in stroma of the invasive tumor edge
(circle). B, Tumor budding defined
as isolated small tumor nests com-
posed of fewer than five tumor cells
(arrows). C, Low-grade tumor bud-
ding. D, High-grade tumor budding.

of this result, tumors were classified as having high-
grade (grade 2-3 [five or more buds per HPF]) or
low-grade (grade 0-1 [fewer than five buds per HPF])
tumor budding. The 5-year CIR for patients with
high-grade tumor budding was significantly higher
(32%) than it was for patients with low-grade budding
(12%, P<.001) (Fig 3A). This finding was confirmed
in the validation cohort; 5-year CIR for patients with
high-grade tumor budding was significantly higher
(20%) than it was for patients with low-grade budding
(12%, P = .005) (Fig 3B).

Next, subgroup analysis of CIR was performed using
the entire cohort. In subgroup analysis by stage, 5-year
CIR for patients with high-grade tumor budding was
significantly higher than it was for patients with low-
grade tumor budding among patients with stage IA
(5-year CIR, 19% vs 10%; P =.003) (Fig 4A) and stage
IB (5-year CIR, 34% vs 17%; P <<.001) (Fig 4B) disease.
In subgroup analysis by surgical procedure, 5-year CIR
for patients with high-grade tumor budding was signifi-
cantly higher than it was for patients with low-grade
tumor budding among patients who had undergone
lobectomy (5-year CIR, 22% vs 10%; P<<.001) (Fig 4C)
and limited resection (5-year CIR, 45% vs 18%;
P<.001) (Fig 4D). Furthermore, in subgroup analysis
by predominant subtype, 5-year CIR for patients with
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TABLE 1 | Clinicopathologic Associations Between Recurrence and Tumor Budding

Tumor Budding, No. (%)

Characteristic No. 5-y CIR (%) P Value Low-Grade High-Grade P Value

All patients 1,038 19 719 (69) 319 (31)

Age, y .94 .075
=65 378 18 69: 692
>65 660 16 (23-96)p (42-88)°

Sex .003¢ .026¢
Female 646 13 464 (72) 182 (28)

Male 392 22 255 (65) 137 (35)

Smoking status .18 .086
Never 176 14 132 (75) 44 (25)
Former/current 862 17 587 (68) 275 (32)

Surgery <.001¢ .059
Lobectomy 796 14 539 (68) 257 (32)

Limited resection 242 25 180 (74) 62 (26)

Pathologic stage <.001c¢ <.001c¢
IA 731 13 563 (77) 168 (23)
1B 307 25 156 (51) 151 (49)

Architectural grade <.001¢ <.001¢
Low 139 5 125 (90) 14 (10)

Intermediate 650 14 449 (69) 201 (31)
High 249 28 145 (58) 104 (42)

Visceral pleural invasion <.001¢ <.001¢
Absent 866 14 652 (75) 214 (25)

Present 172 27 67 (39) 105 (61)

Lymphatic invasion <.001c¢ <.001c
Absent 707 12 566 (80) 141 (20)

Present 331 26 153 (46) 178 (54)

Vascular invasion <.001¢c <.001¢c
Absent 778 12 630 (81) 148 (19)

Present 260 28 89 (34) 171 (66)

Necrosis <.001c <.001c
Absence 869 13 645 (74) 224 (26)

Presence 169 33 74 (44) 95 (56)

Nuclear atypia <.001c¢ <.001c¢
Mild 451 12 391 (87) 60 (13)

Moderate 360 15 240 (67) 120 (33)
Severe 227 26 88 (39) 139 (61)

Mitotic count <.001¢ <.001¢
Low 522 9 1/10 HPFs? 4/10 HPFsa
Intermediate 216 19 (0-76)p (0-43)

High 300 26
CIR = cumulative incidence of recurrence; HPF = high-power field.
aMedian.
bRange.

<Significant P values.
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Figure 3 - A, B, CIR analysis of
tumor budding. A, In the training
cohort, 5-y CIR for patients with
high-grade tumor budding was sig-
nificantly higher (32%) than it was
for patients with low-grade budding
(12%; P <.001). B, In the validation
cohort, 5-y CIR for patients with
high-grade tumor budding was sig-
nificantly higher (20%) than it was
for patients with low-grade budding
(12%; P =.005). CIR = cumulative
incidence of recurrence.

remained independently associated with risk of recur-

rence (hazard ratio, 1.61; 95% CI, 1.13-2.29; P=.008)

patients with acinar-predominant tumors (5-year CIR, (Table 3).

Tumor budding also correlated with mortality; 5-year

OS of patients with high-grade tumor budding was signif-

icantly lower (64%) than it was for patients with low-grade
tumor budding (76%) in the entire cohort (P <.001).
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Figure 4 — A-D, Subgroup analysis
of CIR analysis of tumor budding by
stage and surgical procedure. A, In
patients with stage IA disease, 5-y
CIR for patients with high-grade
tumor budding was significantly
higher (19%) than it was for
patients with low-grade budding
(10%; P =.003). B, In patients with
stage IB disease, 5-y CIR for patients
with high-grade tumor budding was
significantly higher (34%) than it
was for patients with low-grade
budding (17%; P <.001). C, In
patients undergoing lobectomy, 5-y
CIR for patients with high-grade
tumor budding was significantly
higher (22%) than it was for
patients with low-grade budding
(10%; P <.001). (D) In patients
undergoing limited resection, 5-y
CIR for patients with high-grade
tumor budding was significantly
higher (45%) than it was for
patients with low-grade budding
(18%; P <.001). See Figure 3 legend
for expansion of abbreviation.
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TABLE 2 | Association Between Tumor Budding and
Recurrence in Each Histologic Subtype

Tumor
Budding
Histologic Subtype Grade No. 5-y CIR, % | P Value
Lepidic subtype Low 89 4 .70
High 14 13
Acinar subtype Low 271 9 <.001-
High 140 22
Papillary subtype Low 178 13 .0452
High 61 22
Micropapillary Low 35 36 .86
subtype
High 25 30
Solid subtype Low 64 19 .0222
High 72 39
Invasive mucinous Low 38 14 .073
High 6 50

See Table 1 legend for expansion of abbreviation.
aSignificant P values.

Tumor Budding and Clinicopathologic
Characteristics

Tumor budding was positively associated with male

sex (P =.026), pathologic stage (P <<.001), architectural
grade (P <.001), visceral pleural invasion (P <<.001),
lymphatic invasion (P <.001), vascular invasion (P<.001),
tumor necrosis (P <.001), nuclear atypia (P <.001), and
mitotic count (P<.001) (Table 1). High-grade tumor
budding was more frequently identified in KRAS wild-
type tumors (29%) than in KRAS mutated tumors
(20%; P = .038). However, tumor budding was not asso-
ciated with EGFR mutation.

Figure 5 shows the percentage of tumors with high-
grade tumor budding by histologic subtype. High-grade
tumor budding was most frequently identified in solid-
predominant tumors (53%), followed by micropapillary-
predominant (42%) and acinar-predominant (34%)
tumors. The rate of high-grade tumor budding was sig-
nificantly higher in solid-predominant tumors than in
tumors of other subtypes (P <.001). Micropapillary-
predominant tumors also exhibited more frequent high-
grade tumor budding than other tumors; however, this
finding was not statistically significant (P = .062).

Tumor Budding and Immune Markers

High-grade tumor budding was significantly associated
with high stromal CD3+ lymphocyte infiltration (P <<.001),
high stromal FoxP3* lymphocyte infiltration (P <<.001),
high stromal FoxP3/CD3 risk index (P <.001), tumoral

journal.publications.chestnet.org

TABLE 3 | Multivariate Analysis for CIR

Hazard

Variables Ratio 95% CI P Value
Sex

Male vs female 1.48 1.06-2.06 .022
Surgery

Limited resection 3.00 2.11-4.27 <.001

vs lobectomy

Pathologic stage

IB vs IA 1.80 1.27-2.55 .001
Architectural grade

Intermediate vs high | 0.50 0.35-0.70 <.001

Low vs high 0.23 | 0.08-0.64 .005
Lymphatic invasion

Positive vs negative 1.34 0.92-1.95 .13
Necrosis

Positive vs negative 1.13 1.04-1.22 .004
Mitotic count

Intermediate vs low 1.16 0.70-1.92 .57

High vs low 1.44 0.92-2.25 11
Tumor budding

High vs low 1.61 1.13-2.29 .008

See Table 1 legend for expansion of abbreviation.

and stromal CD68* macrophage infiltration (P <.001
and P <.001, respectively), and tumoral IL-7R overex-
pression (P <<.001) (Table 4). However, there was no
association between tumor budding and tumoral CD3+
lymphocyte infiltration (P = .66), tumoral FoxP3+*
lymphocyte infiltration (P =.37), tumoral FoxP3/CD3
risk index (P =.79), and tumoral IL-12R[32 expression
(P=1.00).

Discussion

We have demonstrated that, in patients with stage I lung
adenocarcinoma, tumor budding was an independent
prognostic factor that can be used to further stratify
risk of recurrence in patients with stage IA, stage IB,
acinar-predominant, papillary-predominant, and solid-
predominant tumors. Furthermore, it positively corre-
lated with protumor immune cell infiltration, including
regulatory T cells and tumor-associated macrophages.

In an attempt to identify prognostic factors for
intermediate-grade (acinar- or papillary-predominant)
lung adenocarcinomas, our group previously demon-
strated, using the largest cohort of stage I lung adeno-
carcinoma patients to date, that mitotic count,?
cribriform pattern,® thyroid transcription factor-1,3!
and F-fluorodeoxyglucose uptake on PET scan?®? can
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be used to further stratify intermediate-grade tumors
into two subsets with respect to disease recurrence. In
the present study, we have shown that tumor budding
can stratify both patients with intermediate-grade tumors
and patients with solid-predominant tumors by risk of
recurrence. Among patients with solid-predominant
tumors, 5-year CIR for those with high-grade tumor
budding (39%) was twice as high as it was for patients
with low-grade tumor budding (19%). Although the solid-
predominant subtype is considered a poor prognostic
factor of lung adenocarcinoma, tumor budding may
help identify a subgroup of patients whose risk of recur-
rence is similar to patients with intermediate-grade
tumors. This observation will be useful in investigations
that target the underlying biology of aggressiveness in
solid-predominant tumors. We found that invasive
mucinous and colloid-predominant tumors had tumor
budding at a less frequent rate, despite the relatively
aggressive behavior of these tumors, thereby suggesting
that there may be a different mechanism that drives
aggressiveness. Previous studies have demonstrated
positive correlations between EGFR mutation and histo-
logic subtypes (especially lepidic pattern).>!-” However,
we found no association between EGFR mutation status
and tumor budding.

With an expected increase in the number of diagnosed
stage I lung adenocarcinomas, the role of limited resec-
tion vs lobectomy is debated. As limited resection

for small lung tumors is associated with higher recur-
rences—25% in this series—factors that can predict
higher rates of recurrence can help identify patients
who may benefit from lobectomy. We showed that pres-
ence of a micropapillary pattern is a significant prog-
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Figure 5 — Association between
tumor budding and histologic sub-
type. High-grade tumor budding was
most frequently identified in solid-
predominant tumors (53%), followed
by micropapillary-predominant
(42%), and acinar-predominant
(34%) tumors. Rate of high-grade
tumor budding was significantly
higher in solid-predominant tumors
than in tumors of other subtypes

(P <.001). AIS = adenocarcinoma
in situ; MIA = minimally invasive
adenocarcinoma.

53%

Solid Invasive Colloid

(n=44)

nostic factor in patients who had undergone limited
resection.’® Additionally, our current study has demon-
strated that tumor budding can be used to select a group
of patients who are, on average, at an increased risk of
recurrence (5-year CIR, 45% vs 18%).

We found that high-grade tumor budding was positively
associated with protumor immune markers previously
identified by our group—stromal FoxP3* lymphocyte
infiltration, stromal FoxP3/CD3 lymphocyte index, and
tumoral IL-7R expression.2¢ FoxP3 is a marker of regula-
tory T lymphocytes, a subset of lymphocytes known

to suppress the host immune response, which may play
a significant protumor role in the cancer immune
microenvironment.*4 FoxP3* T cells were abundant

in the tumor budding region and positively correlated
with tumor invasiveness, including lymphovascular

and perineural invasion, thereby suggesting that FoxP3+
regulatory T cells may promote tumor invasiveness.22442
Additionally, we investigated associations between
tumor budding and tumor-associated macrophages

and found that high-grade tumor budding was posi-
tively associated with CD68* macrophage infiltration

in tumor nests and tumor-related stroma. Studies have
suggested that tumor-infiltrating immune cells disrupt
intercellular junctions and cell-surface adhesion mole-
cules of cancer cells, thereby causing destruction of

the tumor capsule and activation of tumor dissemina-
tion.*** In particular, it has been reported that tumor-
associated macrophages were found at significant
concentrations within the region of tumor budding

at the tumor invasive front?? and that they promoted
cancer cell invasiveness via epithelial mesenchymal
transition.?-#
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TABLE 4 | Association Between Tumor Budding and Immune Markers

Tumor Budding, No. (%)

Immune Markers Low-Grade High-Grade P Value

Tumoral CD3+ lymphocyte .66
Low 352 (70) 154 (30)
High 274 (68) 129 (32)

Stromal CD3+ lymphocyte <.001-
Low 448 (73) 167(27)
High 170 (59) 118 (41)

Tumoral FoxP3+ lymphocyte .37
Low 309 (71) 128 (29)
High 315 (68) 150 (32)

Stromal FoxP3+ lymphocyte <.001-
Low 426 (74) 153 (26)
High 185 (59) 127 (41)

Tumoral FoxP3/CD3 risk index .79
Low 362 (69) 159 (31)
High 258 (68) 119 (32)

Stromal FoxP3/CD3 risk index <.001-
Low 459 (71) 183 (29)
High 136 (59) 96 (41)

Tumoral CD68 macrophage <.001-
Low 194 (81) 46 (19)
High 388 (64) 222 (36)

Stromal CD68 macrophage <.001-
Low 231 (80) 58 (20)
High 305 (61) 191 (39)

Tumoral IL-7R <.001-
Low 411 (77) 126 (23)
High 215 (58) 157 (42)

Tumoral IL-12RB2 .99
Low 475 (69) 214 (31)
High 151 (69) 68 (31)

FoxP3 = forkhead box P3; IL-7R = IL-7 receptor; IL-12RB2 =11-12 receptor 2.

sSignificant P values.

We did not perform colocalization studies on the
same slide using immunofluorescent techniques, which
was a limitation of our study. However, our prospec-
tive investigation of the invasive tumor edge and
associated immune cells may help us better understand
biologic mechanisms that underlie this association.
Interestingly, studies in colorectal cancers have sug-
gested that cytokeratin immunohistochemistry can
detect a higher percentage of positive tumor budding
cases than using H&E-stained slides alone.*56 Further
studies are warranted to investigate whether cytokeratin

journal.publications.chestnet.org

immunohistochemistry can be a more reliable method
than an H&E-stained section in detecting tumor budding
in lung adenocarcinomas.

Conclusions

In conclusion, we have demonstrated that tumor bud-
ding was an independent, unfavorable prognostic factor
for disease recurrence in patients with resected stage I
lung adenocarcinoma. Moreover, tumor budding posi-
tively correlated with protumor immune markers—
stromal FoxP3+ lymphocyte infiltration, stromal
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FoxP3/CD3 lymphocyte index, and tumoral IL-7R
expression—and tumor-associated macrophage infiltra-
tion. These observations may warrant investigations
into interactions between FoxP3+ regulatory T cells, the
IL-7/IL-7R signaling axis, tumor-associated macrophages,

and tumor invasiveness. Furthermore, these findings
may carry potential implications for immunomodulatory
therapies designed to control regulatory T cells and
tumor-associated macrophages and to suppress aggres-
sive patterns of tumor invasion, such as tumor budding.
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