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Inclusion of Synovial Tissue– Derived Characteristics in a 
Nomogram for the Prediction of Treatment Response in 
Treatment- Naive Rheumatoid Arthritis Patients
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Giusy Peluso,2 Giuseppe La Torre,3 Francesco Federico,2 Gianfranco Ferraccioli,5 and Elisa Gremese1

Objective. This study applied a synovitis score obtained during routine care from ultrasound (US)– guided 
biopsies of synovial tissue (ST) in patients with rheumatoid arthritis (RA) and patients with other inflammatory and 
noninflammatory joint diseases to identify pretreatment synovial biomarkers associated with disease characteristics, 
and to integrate the findings into a multiparameter nomogram for use in baseline prediction of diagnosis and treatment 
response in treatment- naive rheumatoid arthritis (RA) patients.

Methods. The study enrolled a total of 1,015 patients with various autoimmune diseases (545 patients with RA, 
167 patients with psoriatic arthritis [PsA], 199 patients with undifferentiated peripheral inflammatory arthritis [UPIA], 18 
patients with crystal- induced arthritis, 26 patients with connective tissue diseases, and 60 patients with osteoarthritis 
[OA] [as part of the SYNGem cohort]). All patients underwent a US- guided ST biopsy at baseline, and patients were 
then stratified according to disease phase. The KSS, along with disease characteristics and clinical outcomes, were 
incorporated into a nomogram for prediction of achievement of clinical remission in RA patients who were previously 
naive to treatment. In patients in whom a treat- to- target strategy was applied, remission was defined as change in 
the Disease Activity Score in 28 joints (DAS28) at 6 months after treatment initiation.

Results. The KSS significantly differed among RA patients, as well as PsA patients and UPIA patients, when compared 
to OA patients. In RA, the KSS directly correlated with the DAS28 and was related to autoantibody positivity in treatment- 
naive RA patients. Moreover, at baseline, treatment- naive RA patients achieving 6- month remission according to DAS28 
had a lower KSS, shorter duration of symptoms (very early RA [VERA]), and lower disease activity than treatment- naive 
RA patients not achieving remission according to DAS28. Results of logistic regression analysis identified the following 
synergistic predictive factors of achievement of DAS28- based disease remission at 6 months: having a short disease 
duration (VERA), not having high disease activity, and having a KSS of <5 at baseline. A nomogram integrating these 
baseline clinical and histologic characteristics in treatment- naive RA patients yielded an up to 81.7% probability of 
achieving 6- month remission according to the DAS28.

Conclusion. The KSS is a reliable tool for synovitis assessment on US- guided ST biopsy, contingent on the phase 
of the disease and the autoimmune profile of each patient. This tool could be integrated within a therapeutic response– 
predictive nomogram for the prediction of treatment response in RA patients who were previously naive to treatment.
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INTRODUCTION

Rheumatoid arthritis (RA) is the most prevalent type of auto-
immune arthritis, and it affects the synovial tissue (ST), leading 
to joint destruction. RA is characterized by a high degree of het-
erogeneity in terms of ST inflammation at disease onset, likely 
influencing the different treatment response rates among patients 
(1,2). Assessment of ST, despite having the potential to guide indi-
vidual patients’ disease management, is not currently included in 
RA treatment recommendations (3). However, a recent analysis 
of the Pathobiology of Early Arthritis Cohort demonstrated the 
ability to refine early clinical classification criteria using synovial 
pathobiologic markers (1). In particular, systematic assessment of 
the cellular and molecular characterization of ST from treatment- 
naive early RA patients revealed that discrete pathotypes mirror 
different ST transcriptomic signatures and prognostic profiles in 
RA, indicating that such an approach may be useful in deciding 
whether more aggressive treatment is needed (1,4).

To date, among the available scoring methods, the Krenn 
synovitis score (KSS) is a feasible hematoxylin and eosin (H&E)– 
based staining system that includes assessment of 3 histologic 
features, which enables discrimination between low-  and high- 
grade synovitis in routine pathologic settings (5). Until now, the 
KSS has been applied mainly to ST biopsy specimens obtained 
during surgical procedures in patients with longstanding RA, 
whereas KSS scores assessed in ST biologic samples obtained 
from cross- sectional cohorts are lacking. In this context, minimally 
invasive ultrasound (US)– guided ST biopsy is a well- tolerated pro-
cedure for basic and translational studies of chronic inflammatory 
joint diseases, such as RA, that has been successfully applied, 
providing high- quality tissue samples regardless of disease stage 
(4,6,7).

The aims of this study were 1) to assess the diagnostic value 
of the KSS using ST samples obtained from minimally invasive 
US- guided biopsies in a large biologic sample data set of RA 
patients compared to patients with different inflammatory and 
noninflammatory joint diseases; 2) to identify pretreatment syn-
ovial biomarkers associated with specific disease characteristics; 
and 3) to predict treatment response in RA patients who were 
previously naive to treatment.

PATIENTS AND METHODS

Selection and management of patients. The study 
enrolled a total of 1,015 patients undergoing US- guided ST biopsy 
at the Fondazione Policlinico Universitario A. Gemelli IRCCS– 
Università Cattolica del Sacro Cuore, Division of Rheumatology 
(SYNGem cohort). At study entry, patients were categorized 
based on clinical diagnosis, as shown in Supplementary Figure 1A 
(available available on the Arthritis & Rheumatology website at 
http://onlin elibr ary.wiley.com/doi/10.1002/art.41726/ abstract). 
A total of 545 patients who fulfilled the 2010 European Alliance 

of Associations for Rheumatology (EULAR)/American College of 
Rheumatology (ACR) classification criteria for RA (8) (240 patients 
naive to treatment with conventional disease- modifying antirheu-
matic drugs [DMARDs], 213 patients resistant to conventional 
DMARDs, and 92 patients who had achieved sustained clinical 
remission and who were in remission based on the findings from 
US assessment of synovitis [7]), 167 patients who fulfilled the 
classification criteria for psoriatic arthritis (PsA) (103 patients naive 
to treatment with conventional DMARDs, 48 patients resistant to 
conventional DMARDs, and 27 who had achieved sustained clin-
ical remission and who were in remission based on the findings 
from US assessment of synovitis [7,9]), 199 patients classified 
as having undifferentiated peripheral inflammatory arthritis (UPIA) 
(10), 18 patients with crystal- induced arthritis, 26 patients with 
connective tissue diseases (CTDs), and 60 patients with osteoar-
thritis. The clinical and laboratory parameters for the disease cate-
gories of enrolled patients are listed in Table 1. All treatment- naive 
RA patients were treated according to a treat- to- target strategy 
(11). Briefly, all treatment- naive RA patients began taking conven-
tional DMARDs, such as methotrexate, at the maximum tolerated 
dosage (up to 20 mg/week) according to the recommendations 
for RA management (12) and were followed up every 3 months to 
record the DAS28- based disease remission rate after 6 months 
of follow- up (13). The study protocol was approved by the Ethics 
Committee of the Università Cattolica del Sacro Cuore (approval 
no. 6334/15). All subjects provided signed informed consent.

US assessment. At baseline, each patient underwent US 
assessment following the same protocol (13) using gray- scale 
and power Doppler sonography (PDS) of the biopsied joint. US 
assessment was performed by 2 rheumatologists experienced in 
US (MRG and LP), who were unaware of the clinical and labo-
ratory findings. US was conducted using a commercially availa-
ble real- time scanner (MyLabTwice from Esaote). ST hypertrophy 
was measured (in centimeters), and a semiquantitative scor-
ing method, which consists of a 0– 3 scale, was used to grade 
the severity of synovitis based on power Doppler signals, in which 
a score of 0 = no power Doppler, 1 = minimal power Doppler, 
2 = moderate power Doppler, and 3 = severe power Doppler 
(10,14).

ST biopsy performance and KSS assessment. Each 
patient underwent US- guided knee ST biopsy following the 
published protocol (15,16). Using the US view, the best point of 
entrance for the biopsy needle was identified on the lateral mar-
gin of the suprapatellar recess. Each patient was provided with 
a face mask and cap, and the procedure was performed under 
sterile conditions. Skin was disinfected twice with iodine solution, 
starting from the point of needle entrance up to 25 cm proximally 
and distally. The skin, subcutaneous tissue, and joint capsule were 
anesthetized with 10 ml of 2% lidocaine. Next, a 14- gauge nee-
dle (Precisa 1410- HS Hospital Service Spa) was inserted into the 
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joint. Regions of synovial hypertrophy were identified under gray- 
scale guidance to ensure sampling of representative ST. As shown 
in Supplementary Figure 1A (available on the Arthritis & Rheu-
matology website at http://onlin elibr ary.wiley.com/doi/10.1002/
art.41726/ abstract), all ST specimens obtained (at least 6– 8 frag-
ments) were fixed in 10% neutral buffered formalin, embedded 
in paraffin, sectioned at 3 μm, and stained with H&E as follows: 
sections were deparaffinized in xylene and rehydrated in a series 
of graded ethanol, stained in hematoxylin, and counterstained 
in eosin/phloxine. Finally, sections were dehydrated, cleared in 
xylene, and mounted with Bio Mount (Bio- Optica).

Slides were examined using a light microscope (Leica 
DM2000) by 2 trained pathologists (MG and FF) who were unaware 
of the patients’ clinical and immunologic characteristics. Synovitis 
severity was graded according to 3 ST features (synovial lining 
cell layer, stromal cell density, and inflammatory infiltrates), each 
ranked on a scale where 0 = none, 1 = slight, 2 = moderate, and 
3 = strong. The analysis was done manually and included assess-
ment of the whole tissue sections (at least 2 sequential sections 
for each patient) (mean ± SEM number of sections 2.29 ± 0.10 
sections), and the highest score obtained from the analysis was 
recorded. The values of the parameters were summed and inter-
preted as follows: a score of 0– 1 = no synovitis, 2– 4 = low- grade 
synovitis, and 5– 9 = high- grade synovitis (5) (Supplementary Fig-
ures 1B and C, available on the Arthritis & Rheumatology website 
at http://onlin elibr ary.wiley.com/doi/10.1002/art.41726/ abstract).

Moreover, the presence or absence of lymphocytes, plasma 
cells, and mucin was assessed for each ST sample. Briefly, using 
a high- magnification field of the whole tissue section, cells were 
considered to be lymphocytes if they were as small as erythrocytes 
and consisted almost entirely of nuclei and had only minimal cyto-
plasm visible on deep staining with hematoxylin. Conversely, cells 
were defined as plasma cells if they were larger than lymphocytes, 
were a round- to- ovoid shape containing abundant cytoplasm with 
a pale perinuclear area corresponding to the Golgi apparatus, and 
had a round, eccentrically placed nucleus with coarse chromatin 
arranged in a clock face (art wheel) pattern (Supplementary Fig-
ures 2A and B, available on the Arthritis & Rheumatology website 
at http://onlin elibr ary.wiley.com/doi/10.1002/art.41726/ abstract). 
The microanatomic organization of ST inflammation was catego-
rized into “aggregate” or “no aggregate” based on the presence 
of inflammatory cell aggregates within 2 sequential ST sections in 
the same patient: if no inflammatory cell aggregates were found 
in the whole tissue section, the synovitis pattern was defined as 
“no aggregate.”

Finally, 97 ST samples obtained from treatment- naive RA  
patients were processed for pathotype assessment using 
immunohistochemical (IHC) analysis. This is described in the 
Supplementary Materials and Methods (available on the Arthri-
tis & Rheumatology website at http://onlin elibr ary.wiley.com/
doi/10.1002/art.41726/ abstract).

Statistical analysis. The statistical analysis was performed 
using SPSS version 20.0 and GraphPad Prism software pack-
ages. Categorical and quantitative variables were described using 
frequencies, percentages, and mean ± SEM. Demographic and 
clinical features were compared between patients using the non-
parametric Mann- Whitney U test or chi- square test, as appropri-
ate. Spearman’s rank correlation test was used for assessment of 
correlation between variables in all analyses.

An exploratory univariate analysis was first conducted to 
assess adequate event frequency between the outcomes and the 
candidate prognostic factors. Univariate associations between 
candidate predictors and outcomes were assessed using multi-
variable logistic regression analyses. In particular, predictors with 
univariate associations (P < 0.05) were included in the multivaria-
ble model. Finally, a nomogram was built to distinguish between 
treatment- naive RA patients with the outcome (i.e., achievement 
of clinical remission at 6 months following treatment initiation, 
assessed according to the DAS28) and those without the out-
come. The performance of the nomogram was assessed using 
discrimination and calibration analyses. The discriminative abil-
ity of the model was determined by the area under the receiver 
operating characteristic (ROC) curve, which ranged from 0.5 (no 
discrimination) to 1 (perfect discrimination). The calibration of the 
prediction model was performed using a visual calibration plot 
comparing the predicted and actual probability of remission. In 
addition, the nomogram was subjected to 1,000 bootstrap resa-
mples for internal validation, to assess their predictive accuracies. 
The model was developed and validated.

All statistical analyses and generation of graphics were per-
formed using the Regression Modeling Strategies package of R 
3.5.3 (The R Foundation). For all analyses, P values less than 0.05 
were considered significant, and all tests were 2- tailed, unless 
otherwise indicated.

RESULTS

Effect of disease phase on features of synovial 
inflammation in RA and other chronic inflammatory 
joint diseases. Table 1 shows the demographic and clini-
cal characteristics of the 1,015 enrolled patients. As shown 
in Figure 1A, KSS category distribution was contingent on 
disease category in patients with inflammatory and nonin-
flammatory joint diseases. In particular, treatment- naive RA 
patients had the highest rate of high- grade synovitis (54.6%) 
compared to OA patients (2.9%; P < 0.0001) (Figure 1B). 
Moreover, treatment- naive RA patients had higher KSS scores 
(mean ± SEM 4.81 ± 0.15) compared to UPIA patients 
(2.80 ± 0.14; P < 0.001), treatment- naive PsA patients 
(3.00 ± 0.17; P < 0.001), CTD patients (2.90 ± 0.50; P < 0.001), 
patients with crystal- induced arthritis (3.44 ± 0.42; P = 0.01), 
and OA patients (1.70 ± 0.15; P < 0.001) (Figure 1C).

http://onlinelibrary.wiley.com/doi/10.1002/art.41726/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41726/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41726/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41726/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41726/abstract
http://onlinelibrary.wiley.com/doi/10.1002/art.41726/abstract
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Considering the different disease phases, the KSS was higher 
in treatment- naive RA patients (mean ± SEM 4.81 ± 0.15) and 
in RA patients resistant to conventional DMARDs (4.24 ± 0.15) 
compared to RA patients who had achieved sustained remission 
(1.69 ± 0.13; P < 0.0001, by analysis of variance [ANOVA]); sim-
ilar findings were observed in PsA patients (treatment- naive PsA 
patients and PsA patients resistant to conventional DMARDs had 
scores of 3.00 ± 0.17 and 3.73 ± 0.42 in treatment-naive PsA 
patients and PsA patients resistant to conventional DMARDs, 
respectively, versus 2.04 ± 0.26 in PsA patients who had achieved 
sustained remission; P = 0.0023, by ANOVA) (Figure 1C). More-
over, considering the 3 subitems composing the KSS, treatment- 
naive RA patients had significantly higher KSS scores for synovial 
hyperplasia (P = 0.0064), stromal cell density (P = 0.0366), and 
inflammatory infiltrates (P = 0.0235) when compared to the KSS 

scores for these components in RA patients resistant to con-
ventional DMARDs (Supplementary Figure 3A, available on the 
Arthritis & Rheumatology website at http://onlin elibr ary.wiley.com/
doi/10.1002/art.41726/ abstract).

In analyzing the semiqualitative composition of the ST infil-
trates, ST from treatment- naive RA patients was more likely to 
be enriched with plasma cells (65.4%), lymphocytes (95.0%), 
and mucin (87.1%) than ST from RA patients resistant to con-
ventional DMARDs (56.3% plasma cells [P < 0.0001], 90.1% 
lymphocytes [P < 0.0001], 79.3% mucin [P < 0.0001]) and 
RA patients who had achieved sustained remission (26.1% 
plasma cells [P < 0.0001], 65.2% lymphocytes [P < 0.0001], 
and 68.5% mucin [P < 0.0001]) (Supplementary Figures 3B– D,  
available on the Arthritis & Rheumatology website at http://
onlin elibr ary.wiley.com/doi/10.1002/art.41726/ abstract). 

Figure 1. Degree of synovial tissue (ST) inflammation in relation to disease category among patients with inflammatory and noninflammatory 
joint conditions in the SYNGem cohort. A, Distribution of Krenn synovitis scores (KSS) according to disease category among patients with 
osteoarthritis (OA) (n = 60), patients who achieved sustained clinical remission (Rem) and ultrasound (US) imaging– based remission (psoriatic 
arthritis [PsA] n = 27, rheumatoid arthritis [RA] n = 92), patients with crystal- induced arthritis (n = 18), patients with connective tissue diseases 
(CTDs) (n = 26), patients with undifferentiated peripheral inflammatory arthritis (UPIA) (n = 199), patients resistant to treatment with conventional 
disease- modifying antirheumatic drugs (PsA n = 48, RA n = 47), and treatment- naive patients (PsA n = 103, RA n = 240). B, Degree of synovitis 
according to disease category. C, Distribution of mean KSS scores according to disease category. Each circle represents a single patient; 
values are the mean ± SEM. D, Follicular synovitis based on presence versus absence of inflammatory cell aggregates within 2 sequential ST 
sections from OA patients and RA patients stratified by disease category. E, Correlation between KSS scores and Disease Activity Scores in 28 
joints (DAS28) in RA patients (n = 545) stratified by disease category.
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Moreover, in RA, the microanatomic organization of the ST 
inflammatory infiltrate was dependent on disease phase, and 
there was a significant reduction in the synovial inflammatory 
cell aggregate rate in RA patients who had achieved sustained 
remission (19.5%) compared to treatment- naive RA patients 
(48.8%; P < 0.001) or RA patients resistant to conventional 
DMARDs (43.7%; P < 0.001) (Figure 1D). Finally, analyzing 
the whole RA cohort (n = 545), the KSS of the biopsied joint 
directly correlated with the DAS28 at the time that the ST 
biopsy was performed (P < 0.001) (Figure 1E). Hence, results 
from the assessment of ST directly mirror the disease activity 
status across the whole disease course of RA.

Effect of US features on KSS in RA and other chronic 
inflammatory joint diseases. Assessment of synovial hyper-
trophy and findings from PDS of the biopsied joint were recorded 
for each patient and compared across different disease categories 

(Figure 2A). As shown in Figure 2B, treatment- naive RA patients had 
higher ST thickness than OA patients (P < 0.001). Moreover, ST 
hyperplasia was contingent on disease phase in both RA patients 
(mean ± SEM degree of synovial hypertrophy 1.10 ± 0.03 cm, 
1.0 ± 0.02 cm, and 0.84 ± 0.02 cm in treatment- naive RA patients, 
RA patients resistant to conventional DMARDs, and RA patients 
in sustained remission, respectively; P < 0.0001 by ANOVA) and 
PsA patients (mean ± SEM 1.12 ± 0.04 cm, 1.15 ± 0.05 cm, and 
0.90 ± 0.06 cm in treatment- naive PsA patients, PsA patients resist-
ant to conventional DMARDs, and PsA patients in sustained remis-
sion, respectively; P = 0.0112 by ANOVA) (Figure 2B).

When considering the extent of disease activity in the ST 
samples, treatment- naive RA patients had a higher power Dop-
pler score in the biopsied joint than that when compared to UPIA 
patients (P < 0.001), CTD patients (P = 0.03), and OA patients 
(P <0.001), but the scores were similar to those of RA patients 
resistant to conventional DMARDs (P = 0.27) and patients with 

Figure 2. Features of US- assessed synovitis in relation to disease category among patients with RA and other chronic inflammatory joint 
diseases in the SYNGem cohort. A, Images from power Doppler sonography (PDS) assessment of knee ST from patients in each disease 
category. B, Distribution of the degree of synovial membrane hypertrophy (SMH), measured as ST thickness on PDS, in the biopsied joints of 
patients according to disease category. In treatment- naive RA patients, ST thickness was significantly higher than that in OA patients (mean ±  
SEM 1.10 ± 0.03 cm versus 0.75 ± 0.04 cm; P < 0.001), but did not differ from that in UPIA patients (1.01 ± 0.02 cm; P = 0.1733). C, 
Distribution of PD synovial hypertrophy scores in the ST biopsy samples from patients according to disease category. In treatment- naive RA 
patients, PD scores were significantly higher than those in UPIA patients (1.71 ± 0.10 versus 1.24 ± 0.07; P < 0.001), CTD patients (1.26 ± 
0.19; P = 0.03), and OA patients (0.38 ± 0.07; P < 0.001), but were similar to that in RA patients resistant to treatment (1.58 ± 0.10; P = 0.27) 
and patients with crystal- induced arthritis (1.67 ± 0.25; P = 0.88). In B and C, each circle represents a single patient; values are the mean ± 
SEM. See Figure 1 for other definitions.
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crystal- induced arthritis (P = 0.88). Additionally, the power Dop-
pler score directly correlated with the KSS in the correspond-
ing joint in the whole study cohort (P < 0.0001), as well as in 
RA patients (P < 0.0001), PsA patients (P = 0.002), and UPIA 
patients (P = 0.004) (Supplementary Figures 4A– D, available on 
the Arthritis & Rheumatology website at http://onlin elibr ary.wiley.
com/doi/10.1002/art.41726/ abstract).

Effect of disease characteristics on KSS and synovial  
inflammation in treatment- naive RA patients. In strat-
ifying treatment- naive RA patients (n = 240) based on demo-
graphic characteristics (age and sex), there were no significant 
differences in terms of KSS distribution (data not shown). How-
ever, when considering treatment-naive RA patients accord-
ing to the time since the onset of symptoms to the time of 
ST biopsy, treatment- naive RA patients whose ST was biop-
sied within 3 months of joint symptom onset had lower KSS 
scores (mean ± SEM 4.11 ± 0.26) than RA patients whose ST 

was analyzed within 3– 12 months (4.88 ± 0.26; P = 0.04) or 
>12 months (5.19 ± 0.23; P =  0.002) since symptom onset 
 (Figures 3A– C). Moreover, treatment- naive RA patients whose ST 
was biopsied within 3 months of joint symptom onset had lower 
scores for synovial hyperplasia, stromal cell density, and inflam-
matory infiltrates (mean ± SEM 1.37 ± 0.12, 1.49 ± 0.10, and 
1.26 ± 0.10, respectively) when compared to RA patients whose 
ST was biopsied >12 months since the onset of symptoms 
(mean ± SEM scores 1.79 ± 0.10, 1.81 ± 0.10, and 1.62 ± 0.10, 
respectively; P = 0.007, P = 0.01, and P = 0.01, respectively) 
(Figure 3D). However, the microanatomic organization of the 
synovial inflammatory infiltrates, in terms of the follicular struc-
ture, did not differ when comparing RA patients whose ST was 
biopsied within 3 months of the onset of joint symptoms (44.4%) 
and RA patients whose ST was biopsied within 3– 12 months 
(47.6%; P = 0.740) or >12 months (52.7%; P = 0.332) since 
symptom onset (Figure 3E), as well as when comparing the 
percentages of plasma cells, lymphocytes, and mucin in the ST 

Figure 3. ST inflammation in relation to disease characteristics in treatment- naive RA patients. A, Hematoxylin and eosin staining of ST 
obtained using minimally invasive US- guided biopsy of the knees of treatment- naive RA patients. Each image shows a biopsy sample from 
an individual patient according to disease duration (time since symptom onset to time of biopsy <3 months [MO], 3– 12 months, or >12 
months). B, Distribution of mean KSS scores in treatment- naive RA patients according to disease duration. C, Heatmap showing distribution 
of KSS scores in treatment- naive RA patients according to disease duration. Each bar represents a single patient. D, Distribution of mean 
scores for subcomponents of the KSS (synovial hyperplasia, stromal cell density, and inflammatory infiltrates) in treatment- naive RA patients 
according to disease duration. In B and D, each circle represents a single patient; values are the mean ± SEM. E, Follicular synovitis based 
on presence versus absence of inflammatory cell aggregates in treatment- naive RA patients according to disease duration. See Figure 1 for 
other definitions.
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(Supplementary Figures 5A– C, available on the Arthritis & Rheu-
matology website at http://onlin elibr ary.wiley.com/doi/10.1002/
art.41726/ abstract). Finally, US features in treatment- naive RA 
patients did not differ based on the timeframe from joint symp-
tom onset (Supplementary Figures 6A– B, available on the Arthri-
tis & Rheumatology website at http://onlinelibrary.wiley.com/
doi/10.1002/art.41726/abstract).

To determine whether the semiquantitative evaluation of the 
degree of synovitis using the KSS is representative of the cel-
lular composition of synovial inflammation, 97 ST samples from 
treatment- naive RA patients were analyzed by IHC for the dis-
tribution of CD68, CD20, CD3, and CD138 cells (Supplemen-
tary Table 1, available on the Arthritis & Rheumatology website 
at http://onlin elibr ary.wiley.com/doi/10.1002/art.41726/ abstract), 
revealing that treatment- naive RA patients with a lympho-myeloid 

pathotype had the highest KSS scores (mean ± SEM 5.67 ± 0.26) 
compared to treatment- naive RA patients with a diffuse myeloid 
pathotype (4.06 ± 1.71; P < 0.0001) and those with a pauci- 
immune pathotype (2.30 ± 0.26; P < 0.0001) (Supplementary 
Figure 7A, available on the Arthritis & Rheumatology website at 
http://onlinelibrary.wiley.com/doi/10.1002/art.41726/abstract). 
Moreover, KSS- based evaluation of the degree of synovitis 
directly correlated with IHC- based synovitis assessment in terms 
of CD68, CD20, CD3, and CD138 IHC scores (Supplemen-
tary Figure 7B). Interestingly, ROC curve analysis revealed that 
a KSS of ≥6 had significant capacity to identify treatment- naive 
RA patients who were more likely to have a lympho-myeloid 
pathotype (51.0% sensitivity, 82.6% specificity; area under the 
curve [AUC] 0.79 [95% confidence interval (95% CI) 0.70– 0.89] 
[P < 0.0001]). Conversely, a KSS of ≤2 had greater capacity to 

Figure 4. Composition of ST inflammation in relation to disease category and autoantibody status. A– C, Left, Hematoxylin and eosin (H&E) 
staining of ST obtained using minimally invasive US- guided biopsy of the knee. Images show ST from treatment- naive RA patients positive for 
ACPA and/or IgM/IgA– rheumatoid factor autoantibodies (Abpos), displaying enrichment of plasma cells (A) and infiltration of lymphocytes (B) and 
mucin (C) (indicated by green arrowheads). Original magnification × 40. Right, Results of H&E staining quantified as the percentage of plasma 
cells (A), lymphocytes (B), and mucin (C) among patients with PSA in each disease category, RA patients in each disease category stratified by 
autoantibody status, UPIA patients stratified by autoantibody status, and OA patients. See Figure 1 for other definitions.
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identify treatment- naive RA patients were are more likely to have 
a pauci- immune pathotype (50.0% sensitivity, 96.5% specific-
ity; AUC 0.09 [95% CI 0.02– 0.17] [P < 0.0001]) (Supplementary 
 Figures 7C and D).

Since autoantibody positivity was found to be related to 
the composition of ST inflammation in RA (17), the study cohort 
was stratified based on the presence of anti– cyclic citrullinated 
protein antibodies (ACPAs) and/or IgM–rheumatoid factor 
(IgM-RF) and IgA-RF at the time that ST biopsy was performed. 
Treatment- naive RA patients positive for ACPA and/or IgM/
IgA-RF had higher KSS scores (mean ± SEM 5.05 ± 0.19) than 
RA patients negative for ACPA and/or IgM/IgA- RF (4.43 ± 0.22; 
P = 0.04) (Supplementary Figure 8A, available on the Arthritis 
& Rheumatology website at http://onlin elibr ary.wiley.com/doi/  
10.1002/art.41726/ abstract), and treatment- naive RA patients 
negative for ACPA and/or IgM/IgA- RF had significantly higher 

KSS scores (4.43 ± 0.22) compared to treatment- naive PsA 
patients (2.99 ± 0.17; P < 0.0001). Interestingly, treatment- naive 
RA patients positive for IgM/ ACPA and/or IgA- RF had signif-
icantly higher scores for inflammatory infiltrates (mean ± SEM 
1.61 ± 0.07) compared to treatment- naive RA patients negative 
for ACPA and/or IgM/IgA- RF (1.35 ± 0.09; P = 0.03), whereas 
no significant difference in the scores for synovial hyperplasia 
or stromal cell density were observed between the positive and 
negative autoantibody groups (Supplementary Figures 8B– D). 
Moreover, the KSS directly correlated with plasma levels of 
ACPAs (P = 0.016), IgM- RF (P = 0.009), and IgA- RF (P = 0.005) 
in treatment- naive RA patients (Supplementary Figures 8E– G), 
whereas no significant differences were found in KSS scores in 
RA patients resistant to conventional DMARDs or in RA patients 
who had achieved sustained remission based on autoantibody 
positivity (Supplementary Figures 8A– D).

Figure 5. Nomogram for the prediction of early achievement of clinical remission based on the Disease Activity Score in 28 joints (DAS28) 
in treatment- naive RA patients. A and B, Distribution of mean KSS scores (A) and mean histology scores for subcomponents of the KSS (B) 
in treatment- naive RA patients based on achievement versus lack of achievement of DAS28- based clinical remission at 6 months (MO). Each 
circle represents a single patient; values are the mean ± SEM. C, Distribution of lymphocytes, plasma cells, and mucin presence in ST from 
treatment- naive RA patients based on presence versus absence of achievement of DAS28- based clinical remission at 6 months. D and E, 
Odds of achieving DAS28- based remission at 6 months (D) and percentage of patients achieving DAS28- based remission at 6 months (E) 
among treatment- naive RA patients according to different baseline characteristics, including presence versus absence of very early RA (VERA), 
presence versus absence of high disease activity (HDA), and a KSS score categorized as <5 versus ≥5. Values in D are the odds ratio (with 95% 
confidence interval) for achievement of DAS28- based remission at 6 months. F, Nomogram for the computation of the probability of achieving 
DAS28- based remission at 6 months in treatment- naive RA patients. See Figure 1 for other definitions.
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In analyses of the composition of ST inflammatory infiltrates, 
ST from treatment- naive RA patients positive for ACPA and/or IgM/
IgA- RF was enriched with plasma cells to a greater extent than ST 
from treatment- naive RA patients negative for ACPA and/or IgM/
IgA- RF (72.1% versus 54.8%; P = 0.006) (Figure 4A). Conversely, 
no significant differences in terms of lymphocytes and mucin pres-
ence were found when RA patients were stratified based on pres-
ence versus absence of ACPA and/or IgM/IgA- RF (Figures 4B– C). 
Therefore, the timing of first medical referral, the autoimmune 
features, and the baseline disease burden significantly impact the 
degree of ST inflammation in treatment- naive RA patients.

Baseline KSS as a predictor of early achievement of 
DAS28- based remission in treatment- naive RA patients. 
Among the 240 enrolled treatment- naive RA patients, 217 
(90.4%) reached at least 6 months of follow- up, of whom 86 
(39.6%) achieved DAS28- based remission. A total of 23 patients 
(9.6%) were lost to follow- up. The baseline characteristics that 
were differentially distributed among treatment- naive RA patients 
based on achievement of DAS28- based remission at 6 months 
were investigated. The comparison revealed that DAS28 scores 
at baseline were lower in treatment- naive RA patients achieving 
DAS28- based remission at 6 months compared to those who did 
not achieve DAS28- based remission at 6 months (mean ± SEM 
5.00 ± 0.12 versus 5.83 ± 0.10; P < 0.001), and patients in the 
remission group were more likely referred to a first medical eval-
uation within 3 months of symptom onset compared to patients 
in the no remission group (37.2% versus 19.8%; P = 0.005). In 
addition, the characteristics of the ST samples identified by US at 
baseline did not differ in treatment- naive RA patients with or with-
out achievement of DAS28- based remission at 6 months (Supple-
mentary Table 2. available on the Arthritis & Rheumatology website 
at http://onlin elibr ary.wiley.com/doi/10.1002/art.41726/ abstract). 
However, treatment- naive RA patients who achieved DAS28- 
based remission at 6 months had lower KSS scores at baseline 
(mean ± SEM 4.24 ± 0.25) than treatment- naive RA patients who 
did not achieve this outcome (5.26 ± 0.18; P < 0.001) (Figure 5A 
and Supplementary Table 2).

In considering the 3 components of synovial inflammation 
assessed in the KSS, scores for synovial hyperplasia, stromal 
cell density, and inflammatory infiltrates were significantly lower at 
baseline in treatment- naive RA patients achieving DAS28- based 
remission at 6 months compared to those who did not achieve 
DAS28- based remission at 6 months (mean ± SEM scores 
1.47 ± 0.11, 1.49 ± 0.09, and 1.33 ± 0.10, respectively, in the 
remission group versus 1.79 ± 0.08, 1.83 ± 0.07, and 1.65 ± 0.07, 
respectively, in the no remission group; P = 0.01, P = 0.02, and 
P = 0.02, respectively) (Figure 5B). In addition, fewer ST samples 
from treatment- naive RA patients who achieved DAS28- based 
remission at 6 months were enriched with plasma cells at baseline 
compared to ST samples from RA patients who did not achieve 

6- month DAS28- based remission (53.5% versus 74.0% of ST 
samples enriched with plasma cells; P = 0.002) (Figure 5C).

ROC curve analysis revealed that, compared to a KSS of 
≥5, a KSS of <5 at baseline was more likely to identify treatment- 
naive RA patients who would achieve DAS28- based remission 
at 6 months (53.1% with KSS <5 versus 28.9% with KSS ≥5 
achieving DAS28- based remission at 6 months; AUC 0.66 [95% 
CI 0.57– 0.74] [P = 0.001]), with an odds ratio (OR) of 2.8 (95% 
CI 1.6– 4.9) (P < 0.001); similar findings from ROC curve analy-
ses were obtained in treatment- naive patients with very early 
RA (VERA) compared to those who did not develop VERA (non-
VERA) (55.2% versus 34.0% achieving DAS28- based remis-
sion at 6 months; OR 2.4 [95% CI 1.3– 4.4] [P = 0.01]) and in 
treatment- naive RA patients who did not have high disease 
activity at baseline compared to those who had high disease 
activity at baseline (58.6% versus 26.9% achieving DAS28-   
based remission at 6 months; OR 3.8 [95% CI 2.2– 6.8] [P < 0.001]).

Both treatment- naive VERA patients and treatment- naive 
non- VERA patients with a KSS of <5 at baseline were more likely 
to achieve DAS28- based remission at 6 months compared to 
treatment- naive VERA patients and treatment- naive non- VERA 
patients with a KSS of ≥5 at baseline (42.2% of VERA patients and 
44.4% of non-VERA patients achieving remission in the KSS <5 
group versus 16.7% of VERA patients and 27.1% of non-VERA 
patients achieving remission in the KSS ≥5 group; P = 0.011 
for VERA patients with KSS <5 versus VERA patients with KSS 
≥5, P = 0.01 for non- VERA patients with KSS <5 versus non-
VERA patients with KSS ≥5) (Figure 5D, Supplementary Figures 
9A– D, and Supplementary Figures 10A and B, available on the 
Arthritis & Rheumatology website at http://onlin elibr ary.wiley.com/  
doi/10.1002/art.41726/ abstract). Interestingly, treatment- naive VERA  
patients with low- grade synovitis (KSS <5) and without high dis-
ease activity at baseline were more likely to achieve DAS28- based 
remission at 6 months than treatment- naive RA patients not fulfill-
ing all these criteria (87.5% versus 17.6% achieving remission; OR 
32.7 [95% CI 6.4– 150.5] [P < 0.0001]) (Figure 5E).

Nomogram for the prediction of early achieve-
ment of DAS28- based remission in treatment- naive 
RA patients. Based on the variables incorporated into the final 
regression analysis, a nomogram was constructed including the 
3 significant risk factors (having VERA, not having high disease 
activity at baseline, and having a KSS of <5) to predict the achieve-
ment of DAS28- based remission at 6 months in treatment- naive 
RA patients (Figure 5F). The value of each variable was given a 
score on the points scale axis. A total score was calculated by 
adding each single- point score and projecting the value of the 
“total points” score to the lower “probability” line. The nomogram 
was validated, and as shown in Supplementary Figure 11  (available 
on the Arthritis & Rheumatology website at http://onlin e libr ary.
wiley.com/doi/10.1002/art.41726/ abstract), a calibration curve 
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confirmed that the probability of remission predicted by the nomo-
gram was consistent with the actual probabilities.

DISCUSSION

This study is the first to apply semiquantitative assessment 
of ST inflammation to the largest available data set of ST sam-
ples at a single center (n = 1,015) obtained by minimally invasive 
US- guided biopsy from cross- sectional cohorts of patients with 
inflammatory diseases and patients with noninflammatory dis-
eases  who were stratified based on disease phase. The results of 
this study show that the KSS is a reliable tool to apply in the sem-
iquantitative assessment of synovitis, not only in RA, but also in 
other different inflammatory and noninflammatory joint disorders. 
In particular, in treatment- naive RA patients, the KSS is contin-
gent on patients’ characteristics (i.e., autoantibody positivity), dis-
ease activity, and treatment response, and the integration of the 
KSS, at the time of the first medical evaluation, within a multipar-
ametric nomogram enabled prediction of 6- month achievement 
of DAS28- based remission in up to 80% of treatment- naive RA 
patients.

Differential response rates to various therapies in RA may 
partially be a result of the high heterogeneity of the degree of 
inflammation of RA target tissue, the synovial membrane (18). In 
this context, at the ST level, treatment- naive RA patients may dis-
play 3 specific pathotypes in terms of the microanatomic organ-
ization of inflammation and the transcriptomic signature, which 
are directly linked to different clinical phenotypes, disease activity/
severity, and response to treatment with conventional DMARDs 
(4). Moreover, using ST/peripheral blood paired samples, the 
ST immune response was shown to be associated with differ-
ential blood immune signals (19), and interestingly, the elevation 
of  myeloid-  and lymphoid- associated ST gene expression strongly 
correlates with conventional DMARD response in treatment- naive 
RA patients at 6 months (4).

The KSS has been previously developed and validated using 
ST surgery specimens, thereby enabling semiquantitative cate-
gorization of patients according to degrees of synovitis in large 
cohorts, including low- and high-grade synovitis in patients with 
longstanding RA and OA (5). The KSS may also reflect clinical 
disease activity in patients with longstanding RA (20). Addition-
ally, synovitis semiquantification using H&E staining enabled the 
categorization of RA patients into different histologic subtypes 
(low, mixed, and high inflammation) that can predict ST genomic 
subtypes associated with disease- specific features (i.e., systemic 
inflammation and autoantibody positivity) (2).

Therefore, the semiquantitative assessment of ST inflamma-
tion using the KSS was included in the set of items for the analysis 
of synovial biopsy specimens in clinical practice and translational 
research from the EULAR Synovitis and Outcome Measures in 
Rheumatology ST Biopsy Groups (21). However, to date, despite 
being widely used in clinical and translational research, no studies 

have widely applied this tool for the semiquantitative assessment of 
inflammation in ST samples obtained using minimally invasive US- 
guided ST biopsies from cross- sectional cohorts (4,22). The findings 
from this study show that KSS scores are differentially distributed 
among inflammatory and noninflammatory joint disorders and are 
significantly increased in treatment- naive RA patients compared to 
patients with other forms of inflammatory diseases (i.e., PsA) or low- 
grade inflammatory joint diseases (i.e., OA) and is contingent on the 
disease phase mirroring the disease activity (i.e., DAS28) in RA.

Large cohort studies identified a 3- month window of oppor-
tunity as the time with the best therapeutic chance for a patient 
to achieve complete disease remission and stop bone damage 
in RA (23– 26); however, no studies have explored the impact of 
joint symptom duration on ST inflammatory features in treatment- 
naive RA patients. In particular, in considering RA classification 
criteria, RA patients who fulfilled the ACR 1997 criteria for RA (27) 
had higher KSS scores than RA patients who fulfilled the 2010 
ACR/EULAR criteria for RA (28) without any difference in terms of 
the frequencies of ST pathotypes, regardless of symptom dura-
tion (1). Our findings show that treatment- naive VERA patients 
(<3 months since symptom onset) have lower KSS scores than 
treatment- naive RA patients who were referred to a first medi-
cal evaluation >12 months since symptom onset, despite no dif-
ferences in the microanatomic organization of the inflammatory 
infiltrate, suggesting that ST inflammation dynamically changes 
during the course of RA. These findings provide biologic support 
for early intervention in RA disease management aimed at achiev-
ing the highest possible remission rate (24) and suggest that ST 
analysis within 3 months of symptom onset is very likely the most 
informative time point to predict the future course of the disease.

In the context of biomarkers for RA patient stratification, 
ACPA and RF positivity can be used to identify RA patients with 
the highest likelihood of developing early bone erosions (29,30), 
chronic destructive disease (31,32), and extraarticular manifesta-
tions (33,34). IHC assessment showed that ST from treatment- 
naive RA patients positive for ACPAs is more enriched with B 
lymphocytes and lymphoid aggregates than ST from RA patients 
negative for ACPAs and is related to higher rate of erosive disease 
and a worse prognosis (17). In our study, H&E- based staining of 
ST revealed that the KSS is higher in patients positive for IgM/
IgA- RF and/or ACPA than treatment- naive RA patients nega-
tive for IgM/IgA- RF and/or ACPA, which directly correlated with 
ACPA and IgM/IgA- RF plasma levels at the time that ST biopsy 
was performed. In addition, the systematic analysis of disease 
phase in cross- sectional RA cohorts showed that this difference 
is lost when considering RA patients resistant to conventional 
DMARDs and patients with RA in sustained remission. Moreover, 
at a treatment- naive stage, ST from RA patients positive for IgM/
IgA- RF and/or ACPA was found to be more enriched with plasma 
cells than ST from RA patients negative for IgM/IgA- RF and/or 
ACPA, as previously described (35), supporting the reliability of this 
H&E- based scoring method.
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Precision medicine is an approach to disease treatment that 
considers individual pathobiologic variability to more accurately 
predict which treatment strategies will be more successful in 
specific groups of patients. In this context, RA may be an ideal 
setting for patient stratification aimed at treatment optimization. 
In this study, we identified and validated a cutoff value of KSS 
scores based on which treatment- naive RA patients with ST with 
a KSS of <5 at the first medical evaluation are more likely to 
achieve DAS28- based remission at 6 months. These findings 
were confirmed even after patient stratification based on disease 
duration and activity, with both confirmed as prognostic factors 
of treatment success (24,36). Moreover, as is used in cancer 
and in other chronic inflammatory diseases (37,38), we devel-
oped the first multiparametric nomogram (SYNGem nomogram) 
that is able to easily predict the probability of early achievement 
of DAS28- based remission in treatment- naive RA patients at 
a first medical evaluation. Based on the proposed nomogram, 
treatment- naive RA patients without high disease activity, at a 
first medical evaluation within 3 months since the onset of joint 
symptoms, and with a KSS of <5 have an 81.7% probability 
of achieving DAS28- based remission at 6 months compared to 
treatment- naive RA patients who did not fulfill any of the above-
mentioned criteria, whose probability of achieving DAS28- based 
remission drops to 17.8%. This easy tool may be useful for strat-
ification of patients with early disease in clinical practice, in par-
ticular, in predicting whether treatment- naive patients with very 
early RA will require more intensive treatment, with the goal of 
optimization of disease management.

Despite being the first cross- sectional study to include ST 
samples collected using minimally invasive US- guided biopsy, 
the limitations of this study include the lack of information about 
the cell- specific contribution (i.e., myeloid and lymphoid) within 
ST inflammation, which could be solved by combining IHC stain-
ing (including staining of CD68, CD20, CD3, and CD138 cells) 
(1,4). The inclusion of IHC staining of these cells led to a better 
sensitivity and specificity than KSS scores when treating patients 
with longstanding RA taking immunosuppressants, represent-
ing a more functional synovitis evaluation (6,39). However, in this 
study, KSS- based assessment of synovitis was contingent on the 
synovial pathotype defined using IHC assessment, directly corre-
lating with the IHC scores of all the cells identified as playing a role 
in synovial inflammation, including CD68, CD20, CD3, and CD138 
cells (1). Therefore, despite the KSS, semiquantitative assessment 
of the degree of ST inflammation is simple, with high rates of inter-
reader and intrareader agreement, and it is informative for predict-
ing response to first- line therapy. In patients with more advanced 
clinical phases of RA, deeper analyses of immunomolecular func-
tions and transcriptomic signatures could be helpful to define ther-
apeutic strategies and interpret their outcomes.

In conclusion, the semiquantitative assessment of the 
degree of synovitis, using the H&E- based KSS method, is a 

reliable tool to apply to biologic samples obtained using a mini-
mally invasive technique in the routine clinical care of RA. Addi-
tionally, synovitis assessment of treatment- naive RA patients at 
a first medical evaluation may help identify important disease 
characteristics for prognosis, and such an approach may be 
included in future multiparametric algorithms aimed at optimizing 
disease management.
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