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Abstract: Assessment of tumor-associated stroma has shown a
reliable prognostic value in recent research. We evaluated the
prognostic value of tumor-stroma ratio (TSR) in a large multi-
center cohort of nasopharyngeal carcinoma (NPC). We used the
conventional hematoxylin and eosin-stained slides of 115 cases
of NPC to assess TSR as described in recent guidelines. The
amount of tumor-associated stroma was assessed as a percentage
and then tumors were classified as stroma-high (>50%) or
stroma-low (< 50%). Kaplan-Meier curves, Xz test, and Cox re-
gression univariable and multivariable analyses were carried out.
A total of 48 (41.7%) tumors were stroma-high and 67 (58.3%)
tumors were stroma-low. In the Cox regression multivariable
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analysis, the tumors categorized as stroma-high were associated
with a worse overall survival with a hazard ratio of 2.30 (95%
CI: 1.27-4.15, P=0.006) and with poor disease-specific survival
(hazard ratio=1.87, 95% CI: 1.07-3.28, P=0.029). The
assessment of TSR in NPC is simple and cost-effective, and it has
a significant prognostic value. TSR can aid in risk stratification
and clinical decision-making in NPC.

Key Words: tumor-stroma ratio (TSR), nasopharyngeal
carcinoma (NPC), prognosis, stroma-high, stroma-low
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N asopharyngeal carcinoma (NPC) still constitutes a
significant health burden around the world.! Despite
improvements in treatment strategies, the prognosis of NPC
patients remains relatively poor with a high number of
cancer-related mortality.> The prognostication of NPC in
daily practice depends mainly on TNM staging. However,
tumors of the same stage may present with very different
clinical behaviors. Thus, additional prognostic markers are
needed to characterize tumor behavior with more accuracy.
This should preferably be based on consideration of both
cancer-related and stroma-related properties.

Tumor microenvironment (TME) is a key player
during the progression of head and neck cancer and it also
plays a role in treatment resistance.’> TME consists of
many cell types including cancer-associated fibroblasts
(that have a prominent role in the recruitment of immune
cells) and mesenchymal stromal cells.* In the ongoing re-
search efforts to target both the cancer cells and the cells
of the TME in NPC, however, the prognostic significance
of the TME has not yet been resolved. Thus, analyzing
stroma-related prognostic biomarkers is necessary to bet-
ter characterize tumor behavior in NPC.

Tumor-stroma ratio (TSR) is a stroma-related
prognostic marker that has been introduced recently as a
reliable prognosticator in different tumor types,””’ in-
cluding head and neck squamous cell carcinoma in some
subsites.® TSR is defined as the percentage of cancer cell
component relative to tumor-stroma component in the
tumor tissue. TSR is evaluated using histolo§ic analysis of
hematoxylin and eosin (HE)-stained slides®® to assess the
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amount of the stroma compartment within the tumor.’
Data on the significance of TSR and tumor-associated
stroma in NPC is lacking, especially in patients from
nonendemic regions, such as Europe and North America.
Studies on NPC in the latter regions are usually based on
small cohorts due to paucity of cases. Therefore, we in-
vestigated the prognostic significance of TSR in NPC in a
large nonendemic multicenter cohort.

MATERIALS AND METHODS

Our study comprised patients with primary NPC
treated at one of the 5 Finnish University Central Hos-
pitals (Helsinki, Tampere Turku, Oulu, and Kuopio). A
total of 115 cases were eligible to be included as in our
previous study.” At the end of follow-up, 52 (45.2%) pa-
tients had died of NPC, while 24 (20.9%) had died of other
causes, and 39 (33.9%) were alive.

For the assessment of TSR, all representative HE-
stained diagnostic slides were retrieved. To be considered
representative, a biopsy should show invasive growth
present in both tumor and stroma compartments. We fol-
lowed recent guidelines for the evaluation of TSR in col-
orectal and breast carcinomas,'®!! and these were applied,
as has been reported previously by our group for oral and
oropharyngeal squamous cell carcinoma.'?!3 Thus, fol-
lowing the guidelines we first scanned the whole tumor at
low magnification (X5 objective) to select an area with the
highest amount of tumor-associated stroma. Then, at
higher magnification using a X10 objective we assessed an
area of 3 mm? for the amount of tumor-associated stroma
so that cancer cells were present in all 4 edges of the selected
microscopic field.!%!! Only a stromal area surrounded by
cancer cells was assessed to ensure that tumor-associated
stroma only was evaluated. In cases of a heterogenous

tumor with areas of both high and low amounts of tumor-
associated stroma, the stroma-high area was considered
decisive for scoring the case, as recommended in the
guidelines.!%!! Areas of necrosis, native lymphoid stroma,
preexisting lymphoid tissue, and lymphoid aggregates not
constituting tumor tissue were visually excluded from the
estimation as recommended in the %uidelines since they are
not part of response to the tumor.!%-1!

For survival analyses, the tumors were classified
based on the amount of tumor-associated stroma (Fig. 1)
into stroma-high (>50% stroma) or stroma-low (<50%
stroma) as described in recent guidelines for the
assessment of TSR.!%!! This cutoff point (ie, 50%) has
been widely used and has shown a valuable discriminative
power for prognostication of many tumor types>’
including some subsites of head and neck squamous cell
carcinoma.'>13 Samples were scored by 2 observers
experienced in head and neck pathology (A.A. and L.L.),
who were blinded to the clinical data. Inter-observer
variability was registered to assess the inconsistency
between the observers, which was mainly encountered in
cases close to the 50% cutoff. For such cases, we arranged
a review session to reach agreement between the observers.

Statistical Analyses

We conducted all analyses using IBM SPSS
Statistics, version 27, and the significant P-value was
considered at <0.05. The correlation between TSR and the
clinicopathologic parameters including age, sex, TNM
stage, T classification, nodal status, histopathology, and
Epstein-Barr virus (EBV) status was analyzed using cross-
tabulation and the Pearson y” test.

Kaplan-Meier survival curves for TSR categories (ie,
stroma-high and stroma-low) were produced for both

FIGURE 1. HE-stained sections of NPC. A, Stroma-high tumor (> 50% stroma). B, Stroma-low tumor (<50% stroma).
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overall survival (OS) and disease-specific survival (DSS).
OS was defined as the interval between diagnosis and date
of death or the last time of follow-up. DSS was defined as
the period from the time of diagnosis to the time of death
due to NPC. The log-rank test was used to assess the
statistical significance of differences between the survival
curves. We conducted univariable and multivariable Cox
regression analyses and reported hazard ratios (HRs) with
95% Cls.

RESULTS

There were 67 (58.3%) patients aged 60 years or less,
and 48 (41.7%) older patients aged over 60 years. A total
of 44 (38.3%) cases were diagnosed at an early stage (I or
II), and 71 (61.7%) cases were diagnosed at an advanced
stage (III or IV). A total of 28 (24.3%) tumors were ker-
atinizing, 19 (16.5%) were nonkeratinizing differentiated,
and 68 (59.1%) were nonkeratinizing undifferentiated tu-
mors. The scoring of TSR showed that 48 (41.7%) tumors
were stroma-high and 67 (58.3%) were stroma-low. There
was a good agreement between the observers with a x
value of 0.57 (P<0.001).

In cross-tabulation (Table 1), keratinizing histology
was associated with TSR as keratinizing tumors had

TABLE 1. Relationship Between TSR and Clinicopathologic
Parameters of NPC

TSR, n (%)
Stroma- Stroma-
low high
tumors, tumors,
Total n=067 n=48
Variables (N=115) (58.3%) (41.7%) P (Pearson x?)
Age (y) 0.71
<60 67 40 (59.7) 27 (40.3)
> 60 48 27 (56.3) 21 (43.8)
Sex 0.28
Men 80 44 (55) 36 (45)
Women 35 23 (65.7) 12 (34.3)
Stage 0.19
I-1I 44 29 (65.9) 15 (34.1)
-1V 71 38 (53.5) 33 (46.5)
T classification 0.23
T1 41 29 (70.7) 12 (29.3)
T2 35 18 (51.4) 17 (48.6)
T3 18 10 (55.6) 8 (44.4)
T4 21 10 (47.6) 11 (52.4)
N classification 0.42
NO 39 26 (66.7) 13 (33.3)
N1 25 14 (56.0) 11 (44.0)
N2 41 23 (56.1) 18 (43.9)
N3a 7 2(28.6) 5(71.4)
N3b 3 2(66.7) 1(33.3)
Histology 0.001
Nonkeratinizing 68 47 (69.1) 21 (30.9)
undifferentiated
Nonkeratinizing 19 12 (63.2) 7 (36.8)
differentiated
Keratinizing 28 8 (28.6) 20 (71.4)
EBYV status 0.009
Positive 69 47 (68.1) 22 (31.9)
Negative 44 19 (432) 25 (56.8)

amount of tumor-associated stroma when
with nonkeratinizing tumors (P=0.001).
Similarly, EBV-negative cases were associated with
a higher amount of tumor-associated stroma when
compared with EBV-positive cases (P =0.009). The other
clinicopathologic characteristics (Table 1) including
patient age and sex or tumor stage did not have a
significant relationship with TSR (P> 0.05).

In survival analyses (Tables 2, 3), TSR showed a
significant prognostic value in predicting OS with stroma-
high cases having a poorer prognosis in the univariable
analysis (HR =2.46, 95% CI: 1.55-3.92, P<0.001) as well
as the multivariable analysis (HR = 2.30, 95% CI: 1.27-4.15,
P=0.006), when compared with stroma-low cases.
Analogously, TSR was associated with DSS as stroma-
high tumors were associated with high cancer-related
mortality in univariable analysis (HR=1.90, 95%
CIL: 1.09-3.30, P=0.023) and in multivariable analysis
(HR=1.87, 95% CI. 1.07-3.28, P=0.029). The multi-
variable analysis included the following variables: age and
sex of patients, tumor stage, histology, EBV status, and
TSR. Furthermore, Kaplan-Meier survival curves
confirmed that stroma-high cases were associated with a
worse survival (Figs. 2A, B). This indicates that TSR can be
used as an independent prognostic classifier in NPC.
In addition to TSR, EBV status and tumor stage
demonstrated significant prognostic performance in the
multivariate analyses, while the other parameters were not
significantly associated with survival outcome (Tables 2, 3).

a higher
compared

TABLE 2. OS Analysis of the Prognostic Significance of TSR
and Clinicopathologic Parameters in NPC (N=115 Patients)

HR (95% CI), P

Univariable Multivariable
Parameters analysis analysis
Age (y)
<60 Reference Reference
> 60 1.98 (1.25-3.12), 2.003 (1.13-3.54),
0.004 0.017
Sex
Men Reference Reference
Women 0.89 (0.54-1.46), 0.99 (0.55-1.78),
0.64 0.96
Stage
I-11 Reference Reference
1II-1V 2.01 (1.22-3.30), 1.97 (1.12-3.47),
0.006 0.019
Histology
Nonkeratinizing Reference Reference
undifferentiated
Nonkeratinizing 2.62 (1.55-4.43), 1.38 (0.54-3.54),
differentiated <0.001 0.49
Keratinizing 1.64 (0.89-3.04), 0.83 (0.35-1.97),
0.12 0.67
EBYV status
Positive Reference Reference
Negative 3.47 (2.15-5.59), 2.59 (1.53-4.38),
<0.001 <0.001
TSR
Stroma-low Reference Reference
Stroma-high 2.46 (1.55-3.92), 2.21 (1.24-3.96),
<0.001 0.008
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TABLE 3. DSS Analysis of the Prognostic Significance of TSR

and Clinicopathologic Parameters in NPC (N=115 Patients)

HR (95% CI), P

Univariable Multivariable
Parameters analysis analysis
Age (y)
<60 Reference Reference
> 60 1.55 (0.89-2.67), 1.83 (1.05-3.19),
0.12 0.034
Sex
Male Reference Reference
Female 0.99 (0.49-1.65), 1.08 (0.58-1.98),
0.73 0.82
Stage
I-11 Reference Reference
1I-1v 3.39 (1.69-6.78), 3.56 (1.76-7.18),
<0.001 <0.001
Histology
Nonkeratinizing Reference Reference
undifferentiated
Nonkeratinizing 2.47 (1.33-4.59), 2.25 (1.15-4.39),
differentiated 0.004 0.02
Keratinizing 1.48 (0.69-3.18), 1.46 (0.68-3.14),
0.31 0.34
EBYV status
Positive Reference Reference
Negative 2.40 (1.37-4.22), 1.81 (0.99-3.31),
0.002 0.06
TSR
Stroma-low Reference Reference
Stroma-high 1.89 (1.09-3.29), 1.87 (1.07-3.28),
0.023 0.029
DISCUSSION

Chemoradiotherapy is a widely applied treatment
protocol for NPC but treatment failures occur even at ex-
perienced centres. Thus, appropriate prediction and risk
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stratification (based on multiple prognostic factors) is essen-
tial toward a better treatment planning of NPC. The
significance of TSR has been studied in different types of
epithelial malignancies including oral squamous cell
carcinoma,'® triple-negative breast cancer,® non—small cell
lung cancer,!” and urothelial carcinoma.” In NPC, one pre-
vious study has reported the significance of TSR based on a
single institution cohort from an endemic region (China).'# In
this study, we analyzed for the first time the clinical sig-
nificance of TSR in a large multicenter cohort of NPC from
a nonendemic region (Finland). We found that TSR is
a valuable prognostic indicator that can be easily assessed.
Evidence from molecular studies has reported on in-
teractions between the stromal cells with neighboring can-
cer cells and highlighted the role of these interactions in
cancer progression and metastasis.'® Furthermore, stromal
cells have a role in resistance to anti-angiogenic therapy.'?
A recent study by Xu et al’ reported on tumors with high
stroma presenting with abundant cancer-associated fibro-
blasts. These fibroblasts form a key component of tumor-
stroma and contribute to tumor progression.2 In addition,
other cells of TME (such as endothelial cells) play roles in
tumor progression as well.2! Of note, growth factors
capable of inducing epithelial-mesenchymal transition are
produced by stromal cells.>! Thus, the presence of a high
amount of tumor-associated stroma may facilitate the epi-
thelial-mesenchymal transition, which is operative in cancer
invasion, metastasis, and drug resistance.?? Interestingly,
EBV-negative cases had a higher amount of tumor-related
stroma, concurring with results showing that EBV (and
HPV)-negative tumors have a worse prognosis in NPC.??
Evaluation of specific elements of stromal tissues,
such as cancer-associated fibroblasts using a-smooth muscle
actin staining, has been studied previously in NPC.%

6
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FIGURE 2. Kaplan-Meier survival curves for OS (A, P<0.0001) and DSS (B, P=0.020) of stroma-high and stroma-low tumors.
Stroma-high tumors were associated with poor prognosis in both analyses.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.

www.ajsp.com | 57



PISTGHORA+2ZH8RAAAAVO/FOAEIDYIASALLIAIPOOAEIEAHIDII/ADAU

MY TXOMADYOINXFZOHISGBZIY T+ NIOITWNOTZTARYHJASHAAUG Aq dsle/woo mm| sfeuinol;/:dny wolj papeojumoq

¥¢0¢/TT/TT uo

Almangush et al

Am | Surg Pathol » Volume 48, Number 1, January 2024

However, the use of immunohistochemistry for scoring
specific molecules is not necessary for the prognostication
benefits. Evaluation of TSR is a simple, fast, cheap, and
routinely available prognostic method using conventional
HE-stained sections, as also reported widely in many other
cancer types.®2%2 Furthermore, TSR provides prognostic
information based on the stromal compartment of tumors,
complementing tumor cell-related prognostic information.

Interestingly, in recent studies of head and neck can-
cers including laryngeal squamous cell carcinoma!>2® and
oral tongue squamous cell carcinoma?’ the visual estima-
tion of TSR has shown concordance between tissue biopsies
and surgical samples. A similar concordance has been re-
ported in esophageal adenocarcinoma?® and invasive breast
cancer.?’ This is important particularly in NPC, as typically
only diagnostic biopsies are available before the admin-
istration of (chemo)radiotherapy. Furthermore, in recent
studies, digital assessment of TSR has shown a promising
prognostic significance and a good agreement with the
visual assessment by pathologists.’>-3! Possibly in the fu-
ture, digital methods may be used in the standardization of
the assessment of TSR and reducing interobserver varia-
bility. Such a standardized assessment of TSR can be a step
forward towards personalized treatment based on the as-
sessment of the stroma compartment in addition to cur-
rently available tumor-related characteristics. This requires
further research including prospective clinical studies to
validate the findings of our current study and to allow for
the implementation of TSR in clinical decision making.

In conclusion, TSR seems to have a significant prog-
nostic impact on NPC. Integration of a stromal prognostic
marker such as TSR to the routine diagnostics of NPC can aid
in improving risk stratification and subsequently optimizing
the therapeutic strategies. Targeting the stromal compartment
of stroma-high tumors might improve survival figures in NPC
patients and should be addressed in future research.

REFERENCES

1. Song Y, Cheng W, Li H, et al. The global, regional, national burden
of nasopharyngeal cancer and its attributable risk factors (1990-2019)
and predictions to 2035. Cancer Med. 2022;11:4310-4320.

2. Chang ET, Ye W, Zeng YX, et al. The evolving epidemiology of
nasopharyngeal carcinoma. Cancer Epidemiol Biomarkers Prev.
2021;30:1035-1047.

3. Bhat AA, Yousuf P, Wani NA, et al. Tumor microenvironment: an evil
nexus promoting aggressive head and neck squamous cell carcinoma and
avenue for targeted therapy. Signal Transduct Target Ther. 2021;6:12.

4. Giraldo NA, Sanchez-Salas R, Peske JD, et al. The clinical role of
the TME in solid cancer. Br J Cancer. 2019;120:45-53.

S. Kemi N, Eskuri M, Kauppila JH. Tumour-stroma ratio and 5-year
mortality in gastric adenocarcinoma: a systematic review and meta-
analysis. Sci Rep. 2019;9:16018.

6. Vangangelt KMH, Green AR, Heemskerk IMF, et al. The prognostic
value of the tumor-stroma ratio is most discriminative in patients with grade
III or triple-negative breast cancer. Int J Cancer. 2020;146:2296-2304.

7. Xu L, Zhong W, Li C, et al. The tumour-associated stroma correlates
with poor clinical outcomes and immunoevasive contexture in patients
with upper tract urothelial carcinoma: results from a multicenter real-
world study (TSU-01 Study). Br J Cancer. 2023;128:310-320.

8. Almangush A, Alabi RO, Troiano G, et al. Clinical significance of
tumor-stroma ratio in head and neck cancer: a systematic review and
meta-analysis. BMC Cancer. 2021;21:480.

58 | www.ajsp.com

10.

1.

12.

13.

14.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

. Almangush A, Ruuskanen M, Hagstrom J, et al. Tumor-infiltrating

lymphocytes associate with outcome in nonendemic nasopharyngeal
carcinoma: a multicenter study. Hum Pathol. 2018;81:211-219.

van Pelt GW, Kjaer-Frifeldt S, van Krieken J, et al. Scoring the
tumor-stroma ratio in colon cancer: procedure and recommenda-
tions. Virchows Arch. 2018;473:405-412.

Hagenaars SC, Vangangelt KMH, Van Pelt GW, et al. Stand-
ardization of the tumor-stroma ratio scoring method for breast
cancer research. Breast Cancer Res Treat. 2022;193:545-553.
Almangush A, Heikkinen I, Bakhti N, et al. Prognostic impact of
tumour-stroma ratio in early-stage oral tongue cancers. Histopathol-
ogy. 2018;72:1128-1135.

Almangush A, Jouhi L, Haglund C, et al. Tumor-stroma ratio is a
promising prognostic classifier in oropharyngeal cancer. Hum Pathol.
2023;136:16-24.

Zhang XL, Jiang C, Zhang ZX, et al. The tumor-stroma ratio is an
independent predictor for survival in nasopharyngeal cancer. Oncol
Res Treat. 2014;37:480-484.

. Alessandrini L, Ferrari M, Taboni S, et al. Tumor-stroma ratio,

neoangiogenesis and prognosis in laryngeal carcinoma. A pilot study
on preoperative biopsies and matched surgical specimens. Oral
Oncol. 2022;132:105982.

Wang S, Si Q, Wu Y, et al. Multiperspective quantitative tumor-
stroma ratio reveals histological areas associated with poor outcomes
in oral squamous cell carcinoma. Cancer Med. 2023;12:12161-12172.
Zhang X, Ma H, Zhang L, et al. Predictive role of tumor-stroma
ratio for survival of patients with non-small cell lung cancer: a meta-
analysis. Pathol Oncol Res. 2021;27:1610021.

Ruffin AT, Li H, Vujanovic L, et al. Improving head and neck
cancer therapies by immunomodulation of the tumour microenviron-
ment. Nat Rev Cancer. 2023;23:173-188.

Huijbers EJ, van Beijnum JR, Thijssen VL, et al. Role of the tumor stroma
in resistance to anti-angiogenic therapy. Drug Resist Updat. 2016;25:26-37.
Sahai E, Astsaturov I, Cukierman E, et al. A framework for
advancing our understanding of cancer-associated fibroblasts. Nat
Rev Cancer. 2020;20:174-186.

Christofori G. New signals from the invasive front. Nature. 2006;441:
444-450.

Karpathiou G, Vieville M, Gavid M, et al. Prognostic significance of
tumor budding, tumor-stroma ratio, cell nests size, and stroma type
in laryngeal and pharyngeal squamous cell carcinomas. Head Neck.
2019;41:1918-1927.

Ruuskanen M, Irjala H, Minn H, et al. Epstein-Barr virus and
human papillomaviruses as favorable prognostic factors in naso-
pharyngeal carcinoma: a nationwide study in Finland. Head Neck.
2019;41:349-357.

YuY, Ke L, Lv X, et al. The prognostic significance of carcinoma-
associated fibroblasts and tumor-associated macrophages in naso-
pharyngeal carcinoma. Cancer Manag Res. 2018;10:1935-1946.
Kemi N, Eskuri M, Herva A, et al. Tumour-stroma ratio and
prognosis in gastric adenocarcinoma. Br J Cancer. 2018;119:435-439.
Marioni G, Taboni S, Sbaraglia M, et al. Tumor-stroma ratio in
basaloid and conventional laryngeal squamous cell carcinoma:
prognostic significance and concordance in paired biopsies and
surgical samples. Cancers (Basel). 2023;15:1645.

Bello 10, Wennerstrand PM, Suleymanova I, et al. Biopsy quality is
essential for preoperative prognostication in oral tongue cancer.
APMIS. 2021;129:118-127.

Courrech Staal EF, Smit VT, van Velthuysen ML, et al. Reprodu-
cibility and validation of tumour stroma ratio scoring on oesopha-
geal adenocarcinoma biopsies. Eur J Cancer. 2011;47:375-382.

Le MK, Odate T, Kawai M, et al. Investigating the role of core needle
biopsy in evaluating tumor-stroma ratio (TSR) of invasive breast cancer:
a retrospective study. Breast Cancer Res Treat. 2023;197:113-121.
Smit MA, Ciompi F, Bokhorst JM, et al. Deep learning based
tumor-stroma ratio scoring in colon cancer correlates with micro-
scopic assessment. J Pathol Inform. 2023;14:100191.

Jakab A, Patai AV, Micsik T. Digital image analysis provides robust
tissue microenvironment-based prognosticators in patients with stage
I-IV colorectal cancer. Hum Pathol. 2022;128:141-151.

Copyright © 2023 The Author(s). Published by Wolters Kluwer Health, Inc.



