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Abstract: Clinicopathologic data of 16 cases of DLBCL, NOS after CD19-targeted CAR T-cell therapy were retro-
spectively reviewed. Statistical analyses were performed to investigate the diagnostic agreement and indicate the
relationship of the given types or their alterations (Group | versus Group Il) to the prognosis. A total of 5 distinct his-
tologic patterns were summarized. The CAR T cells were somewhat atypical, most of which were CD8 positive in the
most cases (86.7%, 13/15), with a relatively high Ki-67 (60-90%). The rearrangement of BCR was demonstrated in
all cases. The diagnostic test showed that the diagnostic accuracy in cases of types I (7%) and V (7%) was typically
low; the diagnostic agreement in cases of type IV (for B, T, or nonlymphoma) and V (for T, or nonlymphoma) was con-
sistently unsatisfactory. The rates of complete response (CR), partial response (PR), and progressive disease (PD)
were 18.8% (3/16), 31.3% (5/16), 50% (8/16), respectively. In the follow-up, 25% (4/16) of cases experienced a
recurrence and 31.3% (5/16) had died, of which 3 cases succumbed to the side effects. Group Il had better disease-
free survival (DFS, P=0.009). This study first described the pathologic features of DLBCL after CD19-targeted CAR
T-cell therapy. Familiarity with these histologic features and combinations of medical history and genetic analyses
facilitate avoiding misdiagnoses. Multiple biopsies are potentially helpful to estimate the treatment effects or prog-
nosis, and stable alterations to any type of Il to V, but not a single given one, may indicate a good prognosis.
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Introduction

Diffuse large B cell lymphoma (DLBCL) is the
most common type of non-Hodgkin lymphoma
worldwide [1]. DLBCLs are a clinically, morpho-
logically and genetically heterogeneous group
and include several subtypes or variants based
on their distinct clinicopathologic features, mo-
lecular aberrations, or/and prognhosis, among
which the most majority fall into the category of
DLBCL, not otherwise specific (DLBCL, NOS)
[2]. Rituximab plus cyclophosphamide, doxoru-
bicin, vincristine, and prednisone (R-CHOP) are
the flagship treatments for DLBCL patients and
have significantly improved the disease-free
and overall survival during the last 20 years [3,
4]. However, approximately one-third of individ-
uals will undergo refractory disease or relaps-
es, and only a very limited fraction could be
cured by otherwise aggressive salvage regimes

followed by high-dose polychemotherapy and
autologous stem-cell transplantation (ASCT)
[4]. Increasing knowledge of some major genet-
ic findings has facilitated the development of
new therapeutic approaches, particularly based
on the R-CHOP backbone [5, 6].

The emerging field of immunotherapy has mas-
sively progressed in the past decades, and
hence, a subset of modalities has been adopt-
ed in clinical therapeutic practice [7]. Anti-CD19
chimeric antigen receptor (CAR) T-cell thera-
py, as a type of promising immunotherapy, uti-
lizes autologous genetically engineered T cells
designed for chimeric antigen receptors for tar-
geting CD19-positive B cells [6]. This “break-
through therapy” has shown remarkable effica-
cy in patients with B-cell acute lymphoblastic
lymphoma (B-ALL) and has also demonstrat-
ed high efficacy for other relapsed/refractory
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B-NHL, including the common type DLBCL,
NOS, although is potentially associated with
some unique toxicities [6, 8].

CD19-targeted CAR-T cell therapy has been
applied to a few DLBCL subjects in large
Chinese hospitals, whose therapeutic effects
are not good by standard R-CHOP/CHOP, or
similar schemes. We pathologists have encoun-
tered increasing numbers of submitted speci-
mens from post CAR T-cell therapeutic patients.
We found that the histomorphology may be
variable for the different post-therapeutic
cases due to their reactive extent. The large
atypical B cells may not be prominent, which
potentially obscures their neoplastic nature; or
the substantial infiltration of atypical CAR-T
cells is likely to raise a concern about a diagno-
sis of T cell malignancy. As yet, documented
series to describe the concrete pathologic fea-
tures have been lacking; hence, most patholo-
gists are not familiar with these features, lead-
ing to potential erroneous diagnosis. As one of
the top hospitals in China, we first collected the
largest series of cases of DLBCL after CD19-
targeted CAR T-cell therapy to summarize the
general histologic features. Small-scale diag-
nostic tests among a few pathologists were
also performed. All of that work aimed to
enhance our knowledge of the distinctive mor-
phologic correlates of post-CAR T cell therapy
and to emphasize the potential diagnostic pit-
falls for the pathologists in routine practice.

Materials and methods
Patients and case selection

This study was approved by the institutional
board at the Department of Pathology, Ruijin
Hospital, Shanghai Jiaotong University School
of Medicine, and The First Affiliated Hospital
of Zhengzhou University. Sixteen cases of DL-
BCLs with completed clinical data were includ-
ed in our analysis, containing 13 cases from
Ruijin Hospital and 3 cases from The First
Affiliated Hospital of Zhengzhou University. All
of the clinicopathologic features about both
pre- and post-CD19-targeted CAR-T cell thera-
pies from these 16 patients were recorded.

Pathologic evaluation, immunohistochemistry
(IHC), and Epstein-Barr virus-encoded RNA
(EBER) in situ hybridization (ISH)

All cases were independently reviewed by 2
senior pathologists (J.Z. and C.FW.). The dis-
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cernible morphologic changes/patterns com-
pared to the pre-therapeutic hematoxylin and
eosin (HE) sections were summarized and cat-
egorized. Each surgical specimen was specia-
lly re-sectioned. Four-micron-thick sections
were taken from 10% formalin-fixed and paraf-
fin-embedded tissue blocks followed by immu-
nohistochemical staining using commercially
available antibodies (all obtained from DAKO,
Glostrup, Denmark, prediluted, except where
indicated): CD20, CD79a, CD19, CD22, CD3,
CD5, CD8, CD4, Bcl-2,CD30, CD21, CD10, BCL-
6, Mum-1, c-myc, Ki-67. To simultaneously high-
light CD20 and CD3, double staining was per-
formed on some slides using a Leica BOND-III
automated immunohistochemistry system (Lei-
ca Microsystems, Wetzlar, Germany). The pri-
mary antibodies were visualized using horse-
radish peroxidase (HRP) and alkaline phospha-
tase (AP), and the substrates were diaminoben-
zidine (DAB) and Fast Red, respectively (bro-
wn color for CD20 and red color for CD3). EBER
ISH was detected on the paraffin section, per-
formed using in situ hybridization kits (Dako,
Carpinteria, CA, US) according to the manufac-
turer’s instructions. The proportions of Band T
cells and the positive rates of CD8, CD4,
Granzyme B, TIA-1, and CD30 were recorded in
5% increments.

B- and T-cell receptor (B/TCR) rearrangement
analysis

BCR and TCR gene rearrangement analyses
were carried out with polymerase chain reac-
tion (PCR) to detect B cell clonality by testing for
immunoglobulin heavy chain (IGH) and Kappa
light chain (IGK) genes. T cell clonality was eval-
uated by testing for TCRB (TCRB), TCRd (TCRD),
and TCRy (TCRG). A Gene Clonality Assay Kit
(InVivoScribe Technologies, San Diego, CA) was
applied in this study, and products were then
separated by capillary electrophoresis using an
ABI 3500 automatic sequencing system (App-
lied Biosystems Invitrogen, Foster City, CA, US)
followed by analysis with GeneScan Analysis
Software (Applied Biosystems Invitrogen).

Diagnostic tests and results analysis

To investigate the frequency and potential mis-
diagnoses for cases after CD19-targeted CAR
T-cell therapy, five senior pathologists from
Ruijin Hospital were randomly selected to make
a diagnosis for these 16 cases. A total of 19
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slides entered the tests containing all 5 histo-
logic types (Types | and I, n=5, respectively; Il
IV, V, n=3, respectively). Note 2 different slides
of Type llll were derived from the same case to
increase its test number due to the statistical
need. All of clinicopathologic and IHC data were
offered in the setting of unawareness of the
history of treatments as well as molecular out-
comes. All the diagnostic results were record-
ed, and the total accuracy in each histologic
Type was calculated. The diagnostic agree-
ments for the diagnosis of B cell lymphoma, T
cell lymphoma, and nonlymphoma were ana-
lyzed in each histologic type through Fleiss’
kappa statistics using SPSS version 22 (IBM
SPSS Statistics Inc., Chicago, US). The diagnos-
tic agreements were interpreted by the kappa
value according to previously published litera-
ture [9]: <0, no; 0.0-0.19, poor; 0.20-0.39, fair;
0.40-0.59, moderate; 0.60-0.79, substantial;
0.80-1, almost perfect.

Follow-up and statistical analysis

Follow-ups were performed in the office setting
or by telephone interview. The relationship
between each histologic type and the progno-
sis (alive with disease [AWD] without progres-
sion, versus progression to recurrence or death)
within our follow-up duration were analyzed
using the Chi-Square test. In addition, to indi-
cate the prognosis involved by different altera-
tions of histologic types, the data from patients
with multiple biopsy results was submitted to
univariate survival analysis. The analyzed
patients were divided into two groups accord-
ing to changes in the histologic pattern until the
end of our follow-up: any histologic patterns
eventually grow into | or Il type (Group I) or into
any of llI-V types (Group Il). Rather than OS, DFS
(disease-free survival) was statistically calcu-
lated due to the relatively short follow-up dura-
tion in our series. Kaplan-Meier curves of the
DFS curves were plotted and compared by log-
rank test. P<0.05 in all analyses was consid-
ered as statistically significant. The statistical
analysis was performed with SPSS v. 22.0 (IBM
SPSS Statistics Inc., Chicago, US).

Results
Clinical features

The main clinical features of the 16 cases are
summarized in Table 1. These patients includ-
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ed 12 males and 4 females (male to female
ratio: 1:0.33), ranging in age from 27 to 63
years (mean, 48.4 yr.; median, 50.5 yr.), 3 of
whom had a family history of DLBCL (case 2, 4,
5). Most patients complained of enlarged lymph
nodes at distinct locations with or without
extranodal involvement of organs or tissues;
only 3 patients initially presented with retroper-
itoneal (case 10), jejunal and pancreatic (case
12), or testicular (case 14) occupying lesions.
Definite bone marrow involvement was con-
firmed by pathologic biopsy in 3 cases. Half
(8/16) demonstrated B symptoms, that is, fever
(4/8), night sweats (5/8), or weight loss in a
short period (2/8). Almost all the patients
showed elevated serum lactic dehydrogenase
(17/17) or beta-2 microglobulin (B2M; 6/13).
Based on the clinical features above, the
International Prognostic Index (IPI) of our cases
was generally unfavorable (6.3% [1/16] with IPI
of 1, 25% [4/16] with IPI of 2, 68.7% [11/16]
with IPI of 3-4). All the cases were uniformly
staged according to the Ann Arbor staging sys-
tem, with 43.8% (7/16) of early stage (I/11) and
56.2% (9/16) of advanced stage (lllI/IV). All the
patients received the conventional R-CHOP
therapy, among which 62.5% (10/16) did not
respond to the regimen, 25% (4/16) progressed
after the partial response (PR), and 12.5%
(2/16) relapsed after a complete response
(CR). All subjects underwent 5 days of fludara-
bine and cyclophosphamide chemotherapy fol-
lowed by an infusion of CAR T-cell infusion (axi-
cabtagene ciloleucel [axi-cel]). Overall, 75% of
our series only received one round of CAR T-cell
treatment, and the remaining 25% underwent
two cycles of therapy with variable intervals
(range, 6 to 60 days; mean, 34.3 days; median,
45 days).

Histologic features

The morphology of 16 cases before CAR T-cell
therapy is compatible with the diagnosis of
DLBCL, NOS. They typically showed diffuse
destructive infiltrate by large neoplastic B cells
in lymph nodes or extranodal sites, some asso-
ciated with very few reactive T cell ymphocytes
or fibrous deposition. For the counterparts after
CAR T-cell therapy, we summarized 5 principal
histologic patterns according to our observa-
tions: Type |, neoplastic B cell predominance
featuring large sheets of atypical large B cells
with very limited T cell infiltration with or with-
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Table 1. Clinicopathologic features of 16 cases of DLBCL receiving CD19-targeted CAR T-cell therapy

DLBCL after CAR T-cell therapy

Age ’ . Therapeutic Duration from .
Case g Biopsy ) B BW High LDH/  IPI Hans’ P : Therapeutic Outcome
yr)/ «. Presentation Stage . No./Interval biopsy to CAR-T cell
No. Site symptoms Involvement B2M Score Classification effect (mo.)
Sex (dy.) therapy (dy.)/No.
1 56/M LN Mass in right groin with ipsilateral N N Y/N 4 IIEA non-GCB 1/- 11, 18/2 CR AWD (23)
lower limb swelling; bilateral pel-
vic enlarged lymph nodes
2 32/M LN Progressive enlarged lymph Y N Y/N 1 1A GCB 1/- 8,18/2 PR AWD (20)
nodes in left neck and right
pulmonary hilum; cough and
expectoration; fever
3 56/F LN Mass in left neck N Y/N 2 IIEA GCB 1/- 16/1 PR AWD (16)
4 63/F LN Enlargement in left groin with Y/Y IVB non-GCB 1/- 8,61, 90, 152/4 PR followed Recurrence
abdominal distending and parox- PD (12)
ysmal pain; weight loss
5 57/M LN Enlarged submandibular and N N Y/N 3 1A non-GCB 1/- 108, 109, 110/3 PR followed Recurrence
neck lymph nodes during PE by PD (4)
6 61/F LN Multiple lymph node enlarge- Y N Y/Y 2 1B GCB 1/- 180/1 PD Dead (6)
ment; fever and night sweat
7 46/F LN Right enlarged tonsil and abdomi- Y N Y/Y 4 1B non-GCB 2/41 12,28/2 PD Dead (2)
nal pain; night sweat
8 46/M LN Mediastinal, left axillary, pancre- N Y Y/N 3 1A GCB 2/60 8/1 PD followed AWD (9)
atic, splenic mass; dyspnea by PR
9 40/M LN Multiple enlarged lymph nodes; Y N Y/Y 3 IIEA non-GCB 1/- 15, 85/2 PD Recurrence
right testicular swelling; pain in (12)
right shoulder; fever
10 51/M RP Retroperitoneal mass; cough, Y N Y/Y 4 IVB GCB 1/- 49/1 PR AWD (6)
waist complaints; fever
11 57/M LN Enlarged lymph nodes in left Y N Y/N 3 s non-GCB 1/- 8,53/2 PR Recurrence
neck; weight loss, night sweat (16)
12 50/M Jejunum, Occupying lesions in jejunum and N N Y/N 2 IIE non-GCB 2/30 383/1 CR AWD (20)
pancreas pancreas; abdominal swelling,
back pain
13 44/M LN Left inguinal and right neck Y N Y/NA 3 IVB GCB 1/- 189/1 CR AWD (24)
swelling; mass in nasal cavity,
right testis and adrenal gland;
night sweat
14 54/M Testis Mass in bilateral testes, left N N NA/NA 4 IVA non-GCB 1/- 8,15/2 PD Dead (1)
kidney and right buttock
15 35/M LN Right abdominal, pelvic and N Y Y/Y 3 IVA non-GCB 1/- 8,20/2 PD Dead (1)
intestinal mass
16 27/M LN Mass in left head neck; involve- N Y Y/NA 2 IVA non-GCB 2/6 12/1 PD Dead (1)

ment in bone marrow and CSF

AWD, alive with disease; BW, bone marrow; LN, lymph node; RP, retroperitoneum; PE, physical examination; N, no; Y, yes; d, day; CR, complete response; PR, partial response; PD, progressive disease; NA, not available; dy, day; mo, month; CFS,
cerebrospinal fluid.
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Figure 1. Representative features of the 5 histologic types of DLBCLs after CD19-targeted CAR T-cell therapy. Type
I: diffuse large B cell infiltration with hardly an appreciable and very scattered T cells, indicating that the tumor
cells are still dominant in this setting (A); type IlI: large neoplastic B cells intermingled with atypical T cells with focal
T-cell rosette formation, representing the interaction between the tumor cells and CAR T-cells (B); type llI: diffuse
infiltration of atypical T cells with very few B cells, which is hardly appreciable, suggesting the CAR T-cells prevail in
this setting (C), and the T cells may be slightly atypical, characterized by irregular and elongated nuclei with a small
amount of cytoplasm (inset in C); note an intestinal case showing a diffusely transmural infiltration by atypical T
cells (D, type Ill) with mucosal enteropathy-like changes, mimicking MEITL (E); type IV: vague nodules delineated by
variably proliferated fibroblasts and histocytes with scattered atypical T cells (F); type V, prominent fibroblastic (not
shown) or collagenous stroma with variably scattered T cells (G). Angiodestruction by T cells may be appreciated,
particularly in the extranodular cases; this histologic feature, though frequently seen in the aggressive lymphohema-
topoietic diseases, does not indicate its malignant nature in the setting of CAR T-cell therapy (H). However, none of
the types described above can predicate the development of the whole disease and the patient’s prognosis, though

determining the variations of different types from multiple biopsies is warranted.

out coagulative necrosis; Type Il, neoplastic B
cells intermixed with T cells, the latter account-
ing for >10% of all cells; Type Ill, T cell predomi-
nance featuring diffuse T cell infiltration with
very few (£10% of all cells) neoplastic B cell
components; Type IV, granuloma-like pattern
characterized by nodular aggregation of T cells
and proliferated fibroblasts; Type V, fibrotic pat-
tern characteristic of widely proliferated fibro-
blasts with varying extents of T cell infiltration
and collagen deposition. Cases were assigned
to a given type according to their main growth
pattern, though coexisting patterns were not
uncommon.

Among the biopsies after the initial CAR T-cell
therapy, the most majority of tissues evaluated
were core needle biopsy, except for 1 case of
intestinal resection (case 12) and 3 lymphade-
nectomies (case 14-16). In total, 31.3% of
cases (5/16) corresponded to Type 1 (Figure
1A), of which 2 cases were associated with
prominent neoplastic coagulative necrosis.
Additionally, 31.3% (5/16) were Type Il, with
unorganized sheets of large B cells intermin-
gled with T cells with or without more or less
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polymorphonuclear cells, histocytes, and fibro-
blasts; focal presence of prominent T-cell ro-
settes surrounding neoplastic B cells (case 2,
Figure 1B) or pattern of type IV (case 3) could
be appreciable in some cases. Only 2 cases
(12.5 %) in our group were Type Il (Figure 1C),
of which 1 case (case 12, Figure 1D) involved
the intestine showing diffuse transmural infil-
tration by atypical T cells with superimposed
mucosal enteropathy-like changes, namely, vil-
lous atrophy, crypt hyperplasia as well as in-
creased intraepithelial lymphocytes mimicking
monomorphic epithelial intestinal T-cell lym-
phoma (MEITL, Figure 1E); focal necrosis could
be seen. Another 2 cases (12.5%) of Type IV
consisted of scattered T cells and vague nod-
ules delineated by variably proliferated fibro-
blasts with or without residual nested B cells in
their epicenters (Figure 1F). Diffuse proliferat-
ed fibroblasts or prominent collagenous stroma
with variably scattered T cells tended to obscure
the small residual B cell clusters in the remain-
ing 2 cases (12.5%) of Type V (Figure 1G); one
of them (case 9) focally presented with pattern
IV. The infiltrated T cells in most cases above
cytologically showed mild to moderate atypia
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Table 2. Components of lymphocytes, genetic analyses in the first biopsy and changes of histologic

pattern (if any) after CD19-Targeted CAR T-cell therapy

Positive rate of T cells (%)

Case No.  Proportion™ (B/T, %) - BCR/TCR Histologic patterns
CD8 CD4 GranzymeB TIA-1 CD30 Ki6e7

1 50/50 90 0 0 60 0 60 +/- I,V

2 60/40 80 5 0 80 0 80 +/- I, v

3 50/50 50 50 5 10 0 80 +/- Il

4 90/10 80 0 10 80 0 70 +/- LV, IV,

5 55/45 90 0 5 80 0 90 +/- Il

6 95/5 90 5 0 50 0 90 +/- |

7 5/20 80 5 0 5 0 60 +/- V1

8 95/0 0 0 0 0 0 0 +/- |

9 10/40 80 5 0 70 0 80 +/- V,

10 95/5 80 0 0 80 0 90 +/- |

11 5/50 80 5 60 80 0 60 +/- A

12 5/95 60 40 5 60 0 60 +/- 1]

13 0/95 90 5 0 80 0 70 +/- I, v

14 10/50 80 10 0 70 0 75 +/- A

15 55/45 50 5 0 80 0 80 +/- I, |

16 95/5 90 0 0 90 0 80 +/- |

*, the proportion of B or T cells among the aggregates of B and T cells, respectively.

featuring irregular and elongated nuclei with a
small amount of cytoplasm (inset in Figure 1C).
Focal invasion of intact glands (lymphoepitheli-
al lesions LEL) and angiodestruction by T cells
were frequently appreciated, particularly in the
extranodular cases (Figure 1H). A second biop-
sy for 5 cases was taken at distinct intervals
after treatment due to clinical suspicion of re-
currence or progress (Tables 1, 2). They mostly
evolve into the presence of large quantities of B
cells represented by a histologic transforma-
tion from type Il (case B), IV (case 11, 14), or V
(case 7,9) totype |. One case (case Il) regressed
from type Il to type IV, with focal necrosis and a
multinuclear giant cell reaction. Another one
(case 4) underwent multiple biopsies for the
purpose of pathologically monitoring disease
changes, who presented with a fluctuation from
type | to V to IV, and again to Il, backward.

Immunohistochemical features and genetic
analysis

A total of 62.5% (10/16) cases in this series
were germinal center B-cell (GCB) and 37.5%
(6/16) were non-GCB according to Hans’
Classification through an immunohistochemi-
cal combination of CD10, BCL-6, and Mum-1
[10]. The neoplastic B cells of all cases were
typically positive for CD19, CD22, CD20,
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CD79a, and the T cells were labeled with CD3
(Figure 2A) and CD5. The absence of follicular
dendritic meshworks was confirmed by CD21 in
all cases. The concrete proportion and immu-
nochemical features for T cells of the first biop-
sy after CAR T-cell therapy are summarized in
Table 2. The proportions of B (range, 0 to 95%;
mean, 48.4%; median, 52.5%) and T cells
(range, 0 to 95%; mean, 37.8%; median, 42.5%)
in all cells varied according to different histo-
logic types (Figure 2B), of which, the ratio of B
to T cells was usually higher in Type I-Il than in
Type llI-V. The majority of infiltrative T cells were
labeled by CD8 in most cases (86.7%, 13/15,
Figure 2C), with positive rates ranging from 50
to 90% (mean, 78%; median, 80%). Much fewer
expressed CD4 (range, O to 50%; mean, 9%;
median, 5%); however, 2 (case 3, 12) of these
cases were almost equal in the numbers of B
and T cells (Figure 2D). Most cases showed
high positive rates of TIA (range, 5 to 90%;
mean, 65%; median, 80%; Figure 2E), but only
a few were positive for Granzyme B (range, O to
60%; mean, 5.7%; median, 0%; Figure 2F), and
all T cells were negative for CD30. The prolifera-
tive index Ki-67 was relatively high, ranging
from 60 to 90% (mean, 74.7%; median, 80%;
Figure 2G). EBER was not detected in any cases
in our series. The clonal rearrangement of BCR

Am J Transl Res 2020;12(10):6751-6762
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Figure 2. Immunohistochemical features of DLBCLs after CD19-targeted CAR T-cell therapy. The infiltrated atypical T cells were positive for CD3 (type I, A); double
staining (type Il) showed mixed B and T cells, labeled by CD20 (brown) and CD3 (red), respectively; the close mixture of these two cell components further indicates
the process of their mutual interaction (B); the majority of atypical T cells were positive for CD8 (C) but negative for CD4 (not shown) in our series; a subset of cases
showing a mixed proportion of atypical T cells immunoreactive for CD4 (D) or CD8 (inset in D) (type lll); this type IV case showed that almost all of the scattered T
cells were positive for TIA-1 (E), but only a few cases demonstrated a few T cells expressing granzyme B (F, type IV); the proliferated index Ki-67 was typically high
for the T cells (G, type Il; note: the darker staining of large B cells was also labeled here); a representative case here showing a single blue peak (arrow) falling in
the 310-360 bp region suggestive of a monoclonal rearrangement of Ig H (H).
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Table 3. Diagnostic results, accuracy and agreements for all 5 histologic types by 5 selected senior

pathologists

Histologic No. of Lymphoma Nonlymphoma  Diagnostic Diagnostic Diagnostic Diagnostic

Types Types TCL BCL n (%) accuracy (%) agreement for agreement for agreement for dx. of
n (%) n (%) dx. of BCL Kappa dx. of TCL Kappa nonlymphoma Kappa

| 25 0(0) 25(100) 0(0) 100 1 1 1

1l 25 1(4) 23(92) 1(4) 92 0.680 0.840 0.840

1l 15 13(87) 1(6) 1(6) 7 0.733 0.467 0.733

\% 15 5(33) 3(20) 7 (47) 20 0.196 -2.000 -2.000

\% 15 2(13) 1(7) 12 (80) 7 0.600 0.333 -0.067

was consistently observed in all the cases
(Figure 2H), but none showed a restriction of
TCR.

Diagnostic test findings

The diagnostic tests and agreement results for
the diagnosis of B cell lymphoma (BCL), T cell
lymphoma (TCL), and nonlymphoma in each
histologic type are summarized in Table 3. All 5
pathologists came to a diagnostic agreement in
the slides of type 1 (kappa =1, for dx. of BCL,
TCL, and nonlymphoma), with 100% accuracy.
A moderate (kappa =0.680, for dx. of BCL) or
substantial (kappa =0.840, for dx. of both TCL
and nonlymphoma) diagnostic agreement was
reached in cases of type ll, but only one slide
from the recurrent case (case 4) showing a rela-
tively increased ratio of T to B cells was not
readily interpreted as BCL by 2 pathologists
(misdiagnosed as TCL and nonlymphoma,
respectively). Notably, the majority of cases of
type Il were misdiagnosed as TCL (87%), lead-
ing to a very low diagnostic accuracy (7%), but
relatively uniform diagnostic agreement (Kappa
=0.733, 0.467, 0.733, for dx. of BCL, TCL, and
nonlymphoma). Not only did the pathologists
have difficulty making a correct diagnosis of
BCL in the cases of both type IV and V (diagnos-
tic accuracy, 20%, and 7%, respectively) but
also no or poor diagnostic agreement was dem-
onstrated (type IV: Kappa =0.196, -0.200,
-0.200 in dx. of BCL, TCL, and nonlymphoma,
respectively; type V: Kappa =0.300, -0.067 in
dx. of TCL, and nonlymphoma, respectively),
except for the diagnosis of BCL in type V, which
had moderate agreement (Kappa =0.600).
However, all 5 pathologists changed their pri-
mary diagnosis to DLBCL when they were
informed of the patients’ histories of treat-
ments and molecular outcomes.
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Treatment effect, follow-up and statistical
analysis

The therapeutic response was clinically asse-
ssed by the physical examination and contrast-
enhanced computed tomography (CT) and posi-
tron emission tomography (PET) scans. As
depicted in Table 1, 14 biopsies (51.9%, 14/27)
were aimed at providing a pathologic evalua-
tion of the treatment effects after CAR-T cell
therapy, whereas the remaining biopsies were
taken in part because for re-assessment in
cases of recurrence or progress of DLBCLs.
Three patients (18.8%) achieved a complete
response (CR), corresponding to patterns I
(1/3) and 1l (2/3) in histologic type in their first
biopsies. Five individuals (31.3%) had a partial
response (PR), including 1 case with the previ-
ous state of progressive disease (PD); their his-
tologic types included types | (42.9%, 3/7),
(28.6%, 2/7), and IV (28.6%, 2/7). Eight cases
(50%) presented with PD, including previous PR
in 2 cases (cases 4, 5); their histologic types
included types | (43.8%, 7/16), Il (25%, 4/16),
IV (12.5%, 2/16), and V (18.8%, 3/16). Among
the 5 histologic patterns in the initial biopsies,
only patients with type Il (100%, 2/2) acquired
CR; others did not show a significant associa-
tion with the given long-term treatment effects.
In the 10 patients who underwent multiple bio-
psies, 3 cases experienced their histologic pat-
terns from type Il (case 1, 2) or lll (case 13) up
to type IV (case 2 and 13) or V (case 1), acquir-
ing a long-term CR (case 1 and 13) or PR (case
2). Another 6 cases went through the variations
from other types (type IlI, IV, V; each 33.3%,
2/6) down to type |, 83.3% (5/6) of who demon-
strated the evidence of PD or PD transformed
from PR, except for 1 case with PR (case 11).
The only cases (case 4) with fluctuations of 4
histologic patterns in our group (from I to V, to
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Figure 3. Kaplan-Meier curve showing the DFS of Group | was significantly
better than that of Group Il (log-rank, P=0.009). Group I: patients with any
histologic types eventually growing into | or Il type until the end of the follow-
up; Group Il, patients with any histologic types eventually growing into any of

the 1lI-V types until the end of the follow-up.

IV, to Il) also show a corresponding variation of
therapeutic effects from PD to PR.

All follow-up data of the patients after CAR
T-cell therapy (range, 1 to 24 months; mean,
10.6 months; median, 10.5 months) were avail-
able until this article was written. Five patients
(31.3%, 5/16; range, 1 to 6 months; mean, 2.2
months; median, 1 month) were dead, but 3 of
them were clinically supposed to succumb to
the side effects, such as tumor lysis syndrome
(TLS, case 7, 15) or cytokine-release syndrome
(CRS, case 18). Four patients experienced a
recurrence (25%, 4/16; range, 4 to 16 months;
mean, 11 months; median, 12 months), which
resulted in clinically multiple pathologic biop-
sies. The remaining 7 cases (43.8%, 7/16; ran-
ge, 6 to 22 months; mean, 15.6 months; medi-
an, 18 months) were alive with disease and
lived through a calm period without any evi-
dence of recurrence or progression. The Chi-
square test showed that was not a relationship
between each of the histologic types and the
status of stable condition or progression to
recurrence or death (x?=7.267, P=0.122), indi-
cating that any single given type cannot predict
the prognosis of patients with DLBCL after
CAR-T cell therapy. However, the Kaplan-Meier
analysis showed that the DFS of Group | was
significantly better than that of Group Il (log-
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rank, P=0.009; Figure 3), indi-

Group cating that any histologic pat-
_MGroup| terns that grow into any of the
Group Il I1I-V types may pursue a better
= Group |-censored prognosis.
+—= Group ll-censored
Discussion

The synthetically constructed
CAR typically consists of an
antigen-recognized extracellu-
lar single-chain variable frag-
ment (scFv) that targets a
selected antigen (e.g., CD19),
a hinge region, and the intra-
cellular domain containing a
TCR signaling domain (CD3()
[11]. The second intracellu-
lar costimulatory-signaling do-
mains are also designed in the
second-generation CAR mole-
cules [12]. CAR T-cells can rec-
ognize the specific antigen tar-
geted on tumor cells, irrespec-
tive of MHC presented by den-
dritic cells or other antigen-
presenting cells [13]. Upon antigen recognition,
the downstream activation of CAR-T cells is
stimulated followed by specific Killing effects
[14].

The application of CAR-modified T cells target-
ing specific tumor cells, as a variety of adoptive
cellular immunotherapy, has certainly changed
the treatment of B-NHL, especially for aggres-
sive B cell lymphoma [12]. Both single- and
multi-center clinical trials with anti-CD19 CAR
T-cell therapy have produced high rates of CR in
relapsed or refractory (R/R) DLBCL without
other available treatment choices [15]. Two
commercial CAR T-cell products, that is, axi-cel
and tisagenlecleucel, have been approved by
the US Food and Drug Administration for R/R
DLBCL after 2 or more lines of systemic therapy
[12]. Another CAR T-cell product, lisocabtagene
maraleuce (liso-cell or JCARO017), currently
under evaluation in clinical trials, is also show-
ing promising results and is the only product
that can fix the infused ratio of CD4+ and CD8+
T cells [16].

As a new therapeutic method, CD19-targeted
CAR T-cell therapy has been increasingly
applied in a few large comprehensive or spe-
cialized hospitals. However, more experience in
treatment and nursing needs to be accumulat-
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ed. It stands to reason that the majority of
pathologists are unfamiliar with this terra incog-
nita of morphologic features. Microscopically,
the infused T cells are activated and therefore
demonstrate somewhat cytologic atypia, such
as larger size and irregular nuclei, with usually
very high expression of the proliferative index
(Ki-67). Furthermore, the proliferated atypical T
cells usually give rise to effaced normal nodal
structures, angiocentric involvement and lym-
phoepithelial lesions (LELs). All of these fea-
tures may easily make the pathologist derive an
erroneous diagnosis of T cell lymphomas. In
another situation, in the advanced stage of the
interaction of CAR T and neoplastic B cells,
these significantly reduced components with
superimposed proliferated fibroblasts may also
lead to an underdiagnosis of a chronic inflam-
matory process. Furthermore, it becomes diffi-
cult when increasing numbers of limited lym-
phoid tissues are obtained because of the ten-
dency for core-needle biopsies in the clinic.
Compared to the specimens after R-CHOP
treatment, the diagnosis of DLBCL after CAR T
cell therapy seems more challenging, though
the former may have a growth pattern similar to
type |, and rarely, type IV or V, as well as occa-
sional loss of CD20 expression [17], absence
of atypical T cells, and a set number of neoplas-
tic B cells, will not commonly prompt mis-
diagnosis.

The first summarized 5 histologic features after
CD19-targeted CAR T-cell therapy, according to
our routine practice, essentially, to some
extent, reflected the modalities and phases of
the interactions of CAR T cells against B cells.
The relatively large quantity of atypical B cells
in type | or Il often contributes to the diagnosis
of DLBCL, with a high diagnostic agreement for
most pathologists. However, in the other 3
types, proliferated T cells or fibroblasts may
obscure the atypical B cells or even the neo-
plastic nature, as discussed above. Notably,
not only the diagnostic accuracy but also the
misdiagnosis agreement were very high in
cases of type lll, particularly in the case of
intestinal lymphomas (case 12). Almost all
pathologists rendered a diagnosis for the latter
as monomorphic epitheliotropic intestinal T cell
lymphoma or intestinal T-cell lymphoma, NOS,
due to its transmural infiltration by atypical T
cells, prominent enteropathy-like morpholo-
gies, focal LELs, and vascular invasion, with
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very inconspicuous B cell clusters. Essentially,
the most practical way to avoid misdiagnosis is
an acquaintance of these potential histologic
features based on a relevant clinical history of
treatment. An active application of genetic
detection for BCR and TCR can further confirm
or change the preliminary diagnosis because of
the very high sensitivity of PCR in hematologic
malignancies [18]. In our series, all the speci-
mens demonstrating the presence of rear-
rangement of BCR but not TCR, irrespective of
their histologic types, again indicated the sig-
nificance of this technique in the differential
diagnosis.

The CAR, genetically reprogramed using pa-
tients’ T cells to specifically target tumor cells,
is @ major histocompatibility complex (MHC)-
and coreceptor (CD4 or CDS8)-independent,
though the ratios of the latter may correlate
with differential expansion, persistence or tox-
icity [15, 19]. Immunohistochemically, the
specimens submitted are supposed to present
with varying proportions of CD4+ and CD8+ T
cells because the current products we used do
not fix the infused ratio of CD4- to CD8-positive
T cells, as discussed above [12]. However, all
most infiltrated CAR T cells in our series were
reactive for CD8 without expression of CD4 or
with very scant CD4+ T cells; only 2 cases
showed a comparable quantity of CD4+ and
CD8+ T cells. These results were similar to the
previous study using the same CAR T-cell prod-
uct (axi-cel) [20]. The cause of this phenome-
non is still unknown and warrants further inves-
tigations. The majority of T cells expressed TIA-
1, but Gran B, seemed rarely positive in our
cases. Whether the latter indicates an insignifi-
cant effect from the exocytosis pathway of cyto-
logic granules remains unclear, and more stud-
ies should be carried out [11].

The pathologic evaluation after CAR T-cell ther-
apy is of importance to provide the pathologic
level of evidence, including success or not in
CAT T-cell infusion; information in details of the
expansion and persistence of T cells; assess-
ment in an individual's therapeutic effective-
ness; determination of disease relapse or pro-
gression; and monitoring the concrete process
of evolution or involvement. In our group,
approximately 50% of biopsies were used to
assess the treatment or infusion effects, and
the remainder were aimed at the determination
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of the severity of recurrence. In theory, the
pathologic patterns of type lll, IV, V seem to be
more associated with better prognosis because
they represent a dominance of anti-tumor
response with fewer neoplastic components.
However, just an isolated pathologic result is a
narrow view and cannot precisely predict the
whole cause of the disease; instead, continu-
ous and regular multiple biopsies could provide
more accurate prognostic anticipation. Our
study more or less showed that consistent type
Il, 1V, or V. may associate with better therapeu-
tic effects and therefore prognosis, but more
clinicopathologic studies are needed to confirm
this possibility. Moreover, a core needle biopsy
for lymph nodes tends to offer limited histologic
information; thus, excision, if available, is advo-
cated. The relationship between the given
pathologic types demonstrated initially and the
long-term prognosis seemed unrelated, but the
pathologic transformations from type | or Il to
type Ill to V detected by multiple biopsies were
likely to be relevant to the remission of disease
and a satisfactory prognosis. Therefore, only a
combination of clinical and imaging information
and serial pathologic features can provide a
whole evolution profile and valuable prognostic
predictive data.

The mechanism of resistance to CAR-T cell
therapy in some patients is complicated; it may
be associated with diminished or deficient sur-
face CD19 expression, lack of persistence of
CAR-T cells, the tumor burden, the density of
the targeted antigens, the status of infused
CAR-T cells, the characteristic of the disease
per se, as well as the tumor microenvironment
[24, 22]. CAR T-cell therapy may bring about
severe side effects, including CRS, CAR T cell-
related encephalopathy (CRS)/immune effec-
tor cell-associated neurotoxicity syndrome
(ICANS), TLS, and cytopenia [23, 24]. The rele-
vant management methods for monitoring,
grading, or treatment have been documented
[23, 25]. The prominent CRS and TLS that
occurred in our 3 cases resulted in unsatisfac-
tory treatment effects and unfavorable progno-
ses. More experience needs to be accumulated
for this novel therapy for DLBCL in China.

Conclusions

Collectively, this research first described the
clinicopathologic features of diffuse large B cell
lymphoma after CD19-targeted CAR T-cell ther-
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apy and summarized 5 distinct histologic types.
We performed a diagnostic test to further
emphasize the potential misdiagnosis pitfalls.
To avoid misdiagnosis, familiarity with the fea-
tures of these 5 patterns and combining the
relevant clinical history and genetic tests of
BCR and TCR rearrangement are warranted. A
single pathologic type seems to not precisely
predict the long-term treatment effects and
prognosis, but a combination of these types
from multiple biopsies may indicate the chang-
es of disease, that is, consistent type Ill to V
may suggest a favorable process, contrary to
types I and Il, but we still need more cases and
upgraded studies to reveal their concrete
relationships.
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