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Reviewer Comments — Point-by-point response:

Reviewer #1: This is an interesting case report which is hypothesis-generating
regarding the explanation of both, lymphocyte infiltration phenotype in ICl-responding
tumours as well as pseudoprogression. It expands on previous studies by the group

and corroborates its observations by an in vivo observation.

Reply to Reviewer #1:

Thank you for your comment.

Reviewer #2: The authors have submitted a case report of a patient with Stage IV
sSqQNSCLC on PD, treated with Nivolumab with liver pseudo-progression
The liver biopsy unraveled release and expansion of CD103+ TRM as a new potential
marker of response even though contributed to the paradox CT increase of the met
size.

The case is reported clearly and so are the figures.

The MS is acceptable in the current form.

Reply to Reviewer #2:

Thank you for your comment.

Reviewer #3: Rocha P, et al. reported CD103+CD8+ lymphocytes infiltrated in a
pseudoprogression lesion in a squamous NSCLC patient after PD-1 blockade.
The finding is somewhat interesting. However, in general CD103 is expressed on
activated T cell as well as tissue resident memory (TRM) T cells. So, it was not enough
to prove the expansion of "TRM cells' after nivolumab treatments.
TRM cells are found in peripheral tissues that require expression of specific chemo
attractants and homing receptors for T-cell recruitment and retention. Authors need to
characterize CD103+CD8+T cells more in detail based on its adhesion and migratory

properties to distinguish them from activated T cells.

Reply to Reviewer #3:



-Point 1: ‘However, in general CD103 is expressed on activated T cell as well as tissue
resident memory (TRM) T cells. So, it was not enough to prove the expansion of TRM

cells after nivolumab treatments.’

-Reply to Point 1:

We have answered to this comment below.

As CD103 is a canonical TRM marker on T cells we do not agree with the reviewer
that examining TRM-ness or its absence in CD103 positive T cells is a fruitful
undertaking. We agree that CD103+ T cells have features of effector (activated) cells
and have reported this in our study in Nature Immunology (Ganesan et al, Nature
Immunology). Indeed, this observation prompted us to test the expansion of CD103+
cells as presented in this paper. More recent data from patients with lung cancer
(Clarke et al, in review) do not identify any CD103+ non-TRM CD8+ cells in lung

cancer.

-Point 2: “TRM cells are found in peripheral tissues that require expression of specific
chemo attractants and homing receptors for T-cell recruitment and retention. Authors
need to characterize CD103+CD8+T cells more in detail based on its adhesion and

migratory properties to distinguish them from activated T cells.’

-Reply to Point 2:

Thank you for this comment.

In tissue other than cancer tissue, CD103 also defines the TRM population; It is
unclear what extra characterization the reviewer wishes to see. CD103 binds to E-
cadherin, which is ubiquitously expressed in cancer tissue - further study will not be
informative. That TRM exist in other organs is correct but not helpful here as we are
not examining possible toxicity. The homing question has already been answered by

virtue of the examined T cells tests confirming T cells in the cancer tissue.



Reviewer #4: The authors investigated the immune infiltrate of lesions from pre/post
nivolumab therapy samples in an NSCLC patient showing pseudoprogression.
Compared to the pre-therapy, lung lesion, the post-therapy, liver lesion showed a
marked increase in CD4+ and CD8+ T cells and of CD103+ CD8+ T cells, as
documented by both immunohistochemistry and flow cytometry. The implication of this

finding is that immunotherapy may contribute to expand this specific T cell subset.

Comments:

It would be relevant to know whether the T cells at tumour site in the on-treatment liver
lesion show evidence of proliferation, compared to the pre-therapy lesions. This could
be assessed by Ki-67 staining by either immunohistochemistry or flow cytometry. Also,
by flow cytometry, it would be relevant to know whether the CD8+ CD103+ T cells in
the on-treatment lesion express PD-1. This information, although in a single case,
could be relevant to understand whether CD103+ CD8+ T cells may be evaluated as

potential biomarkers of responsiveness to anti-PD-1.

Reply to Reviewer #4:

-Point 1: ‘It would be relevant to know whether the T cells at tumour site in the on-
treatment liver lesion show evidence of proliferation, compared to the pre-therapy
lesions. This could be assessed by Ki-67 staining by either immunohistochemistry or
flow cytometry.’

-Reply to Point 1:

To address this point, we have performed double immunostaining for Ki67 and CD3
in both samples (lung sample before anti-PD-1 treatment, and liver biopsy after five
cycles of Nivolumab). We observed an increase of this marker in lymphocytes in the
liver biopsy, which supports our findings.

lllustrative pictures have been added to figure 2 (FIGURE 2A 19 AND 2A 20)

We have also added the results in the manuscript (Highlighted):



Line 44: ‘Double staining with Ki67 / CD3 showed a marked increase in the
lymphocytes in the liver biopsy compared to pre-treatment lung specimen (Fig 2A19,
2A20).”

Line 65: ‘as demonstrated by increase of Ki67 marker in lymphocytes.’

Line 128: Figure 2A legend, ‘19, 20 CD3 (membrane staining in red) — Ki67 (nucleus
staining in brown) double immunostaining, (19) 2 lymphocytes/HPF, (20) 18
lymphocytes/HPF'.

-Point 2: ‘Also, by flow cytometry, it would be relevant to know whether the CD8+
CD103+ T cells in the on-treatment lesion express PD-1. This information, although in
a single case, could be relevant to understand whether CD103+ CD8+ T cells may be

evaluated as potential biomarkers of responsiveness to anti-PD-1.’

- Reply Point 2:

We agree with reviewer #4, but unfortunately no remaining fresh tissue is available
and the output of lymphocytes in the analysed sample did not allow for the analysis of
additional marker. We believe the immunohistochemical data partially overcomes this

limitation.
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CASE:

A 65-year-old male patient, current smoker was diagnosed with stage 1V squamous
cell lung cancer (multiple CNS lesions) (Fig 1A, B). He received whole-brain
radiotherapy followed by chemotherapy with Carboplatin (AUC 5) — Vinorelbine
(25mg/m2). After three cycles, disease progression was confirmed, with an increase
of the lung tumor and development of new liver lesions (Fig 1C, D). Nivolumab was
then initiated. At radiologic evaluation, after five cycles of Nivolumab, a discordant
response was observed, with partial response in the CNS, stable lung disease but
significant increase of one liver lesion (Fig 1E, F). The marked discrepancy between

the clinical benefit and the radiological findings, prompted us to perform a liver biopsy.
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The pathological findings revealed extensive areas of necrosis, no viable tumor cells

and the presence of a lymphohistiocytic infiltrate.

Immune biomarkers were compared between the lung biopsy at diagnosis and the
liver biopsy after five cycles of Nivolumab by immunohistochemistry (IHC) (Fig 2A1,
2A2). All tumor cells (100%) expressed PD-L1 pretreatment and were necrotic in the
on-treatment biopsy (Fig 2A3, Fig 2A4). Lymphocyte characterization revealed
increased numbers of CD4 (Fig 2A7, 2A8), and CD8 (Fig 2A9, 2A10) in the on-
treatment biopsy, with a change in the ratio of CD4/CD8 (at diagnosis 1.25, and 0.875
after treatment with ICI). CD103 (Fig 2A11, 2A12) positive cells were also increased
in the liver biopsy, and CD68 staining demonstrated a higher proportion of
macrophages in the liver biopsy (Fig 2A13, 2A14). PD-1 expression was observed in
macrophages and lymphocytes and was also enhanced in the on-treatment liver
biopsy (Fig 2A17, 2A18). Double staining with Ki67 / CD3 showed a marked increase
in the lymphocytes in the liver biopsy compared to pre-treatment lung specimen (Fig
2A19, 2A20).

In order to further characterize the lymphocyte populations observed in the on-
treatment liver biopsy by IHC, we performed FACS analysis. Of the live lymphocytes
(Fig 2BI), 55% were TCR+ (Fig 2BIl) and within this gate 65.2% expressed CD8a,
29.8% CD4 (Fig 2BlIl). Consistent with the IHC staining, the majority of CD8 T cells
(69.6%) co-expressed the tissue residency marker CD103 (Fig. 2BIV).

DISCUSSION:

New patterns of radiologic response have been described with immune checkpoints
inhibitors (ICI), such as pseudoprogression and mixed responses (1,2). Biopsies of
the ‘growing’ lesion have demonstrated lymphocyte infiltration as a cause of this initial

increase in size (3,4).

We have recently reported that CD103+ Tissue resident memory (TRM) CD8+ T cells
are protective in early lung cancer (5). The pretreatment biopsy of our patient showed
the presence of CD8+CD103+ T cells. Characterization of immune population by IHC
and FACS in the on-treatment sample demonstrated a substantial increase in
CD8+CD103+ T cells in the liver metastasis, compared to pretreatment density.
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Our data show for the first time that PD-1 blockade might therefore not only enhance
the activation and proliferation of immune competent T cells globally, but may also
contribute to effective responses through release and expansion of CD103+ TRM cells
as demonstrated by increase of Ki67 marker in lymphocytes. The influx or intratumoral
expansion of protective immune cells presented clinically as tumor volume increase.
Our data offer a morphological insight to understand clinical correlates of an antitumor

response that can be released in lung cancer through checkpoint blockade.
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FIGURE LEGENDS:

Figure 1. CT scan at diagnosis (August 2016) (A and B), pre Nivolumab treatment (C
and D) and after five cycles of Nivolumab (E and F). A and B images show a lung
mass of 45 mm (A, arrow), localized in the upper left upper lobe. This lesion presents
extensive contact with the pulmonary artery and compromises the distal airway. In the
abdominal CT scan from the same date (B) no liver lesions were observed. The
radiologic evaluation made in December 2016, revealed an increase in the size of the
lung lesion (C) (45mm to 48mm) and greater obstruction of the distal airway. In the
same study, abdominal CT scan revealed the appearance of a hepatic lesion (D)
(yellow circle) of 20mm, accounting for progressive disease.

Subsequent CT scan after five cycles of Nivolumab, showed a decrease in the size of
lung mass (E) of 48 mm to 45mm, and increase in size of the hepatic metastatic lesion
(F) (yellow circle) from 20 to 33mm. RECIST 1.1 + 14.7%. (two target lesions). But an

increase of 65% at the liver lesion.

Figure 2A. Histological assessment of lung and liver biopsy. 1, 3, 5, 7, 9, 11, 13, 15,
17 (left column) corresponding to lung biopsy at diagnosis. 2, 4, 6, 8, 10, 12, 14, 16,
18 (right column) corresponding to liver biopsy after five cycles of nivolumab.

1 and 2 H&E staining, 1 - revealed a poorly differentiated squamous carcinoma, and
2.a dense lymphohistiocytic infiltrate surrounding a totally necrotic metastatic tumour.
3 and 4 PD-L1 staining, 100% in tumour cells of lung biopsy and high expression in
macrophages and lymphocytes. 5,6 CD3 staining, (5) 75 lymphocytes/HPF, and (6)
250 lymphocytes/HPF. 7, 8 staining for CD4 marker, (7) 50 lymphocytes/HPF, (8) 140
lymphocytes/HPF. 9, 10 CD8 staining (9) 40 Ilymphocytes/HPF, (10) 160

lymphocytes/HPF. 11, 12 CD103 staining, (11) 15 lymphocytes/HPF, (12) 100



125

126

127

128

129

130

131

132

133

134

135

136

lymphocytes/HPF. 13, 14 CD68 staining (13) 30 lymphocytes/HPF, (14) 100
lymphocytes/HPF. 15, 16 CD56 marker (15) 10 lymphocytes/HPF, (16) 10
lymphocytes/HPF. 17, 18 PD-1 staining, with 10cells/HPF at lung biopsy and 20
cells/HPF at liver biopsy. 19, 20 CD3 (membrane staining in red) — Ki67 (nucleus
staining in brown) double immunostaining, (19) 2 lymphocytes/HPF, (20) 18

lymphocytes/HPF. Magnification, x400.

Figure 2B. Representative flow cytometry plot and analysis of liver biopsy, performed
during treatment with PD-1 blockade (Nivolumab). I) Selection of lymphocytes in the
flow cytometry plot. 1) Expression of pan-TCR (a marker that identified the T cell
population). 1) Flow cytometry showing expression of CD4 and CD8 of the pan-TCR

population. IV) Expression of CD103 in the selected CD8 T cell population.
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CASE:

A 65-year-old male patient, current smoker was diagnosed with stage 1V squamous
cell lung cancer (multiple CNS lesions) (Fig 1A, B). He received whole-brain
radiotherapy followed by chemotherapy with Carboplatin (AUC 5) — Vinorelbine
(25mg/m2). After three cycles, disease progression was confirmed, with an increase
of the lung tumor and development of new liver lesions (Fig 1C, D). Nivolumab was
then initiated. At radiologic evaluation, after five cycles of Nivolumab, a discordant
response was observed, with partial response in the CNS, stable lung disease but
significant increase of one liver lesion (Fig 1E, F). The marked discrepancy between
the clinical benefit and the radiological findings, prompted us to perform a liver biopsy.
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The pathological findings revealed extensive areas of necrosis, no viable tumor cells

and the presence of a lymphohistiocytic infiltrate.

Immune biomarkers were compared between the lung biopsy at diagnosis and the
liver biopsy after five cycles of Nivolumab by immunohistochemistry (IHC) (Fig 2A1,
2A2). All tumor cells (100%) expressed PD-L1 pretreatment and were necrotic in the
on-treatment biopsy (Fig 2A3, Fig 2A4). Lymphocyte characterization revealed
increased numbers of CD4 (Fig 2A7, 2A8), and CD8 (Fig 2A9, 2A10) in the on-
treatment biopsy, with a change in the ratio of CD4/CD8 (at diagnosis 1.25, and 0.875
after treatment with ICI). CD103 (Fig 2A11, 2A12) positive cells were also increased
in the liver biopsy, and CD68 staining demonstrated a higher proportion of
macrophages in the liver biopsy (Fig 2A13, 2A14). PD-1 expression was observed in
macrophages and lymphocytes and was also enhanced in the on-treatment liver
biopsy (Fig 2A17, 2A18). Double staining with Ki67 / CD3 showed a marked increase
in the lymphocytes in liver biopsy compared to pre-treatment lung specimen (Fig 2A19,
2A20).

In order to further characterize the lymphocyte populations observed in the on-
treatment liver biopsy by IHC, we performed FACS analysis. Of the live lymphocytes
(Fig 2BI), 55% were TCR+ (Fig 2BIl) and within this gate 65.2% expressed CD8a,
29.8% CD4 (Fig 2BlIl). Consistent with the IHC staining, the majority of CD8 T cells
(69.6%) co-expressed the tissue residency marker CD103 (Fig. 2BIV).

DISCUSSION:

New patterns of radiologic response have been described with immune checkpoints
inhibitors (ICI), such as pseudoprogression and mixed responses (1,2). Biopsies of
the ‘growing’ lesion have demonstrated lymphocyte infiltration as a cause of this initial

increase in size (3,4).

We have recently reported that CD103+ Tissue resident memory (TRM) CD8+ T cells
are protective in early lung cancer (5). The pretreatment biopsy of our patient showed
the presence of CD8+CD103+ T cells. Characterization of immune population by IHC
and FACS in the on-treatment sample demonstrated a substantial increase in
CD8+CD103+ T cells in the liver metastasis, compared to pretreatment density.
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Our data show for the first time that PD-1 blockade might therefore not only enhance
the activation and proliferation of immune competent T cells globally, but may also
contribute to effective responses through release and expansion of CD103+ TRM cells
as demonstrated by increase of Ki67 marker in lymphocytes. The influx or intratumoral
expansion of protective immune cells presented clinically as tumor volume increase.
Our data offer a morphological insight to understand clinical correlates of an antitumor

response that can be released in lung cancer through checkpoint blockade.
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FIGURE LEGENDS:

Figure 1. CT scan at diagnosis (August 2016) (A and B), pre Nivolumab treatment (C
and D) and after five cycles of Nivolumab (E and F). A and B images show a lung
mass of 45 mm (A, arrow), localized in the upper left upper lobe. This lesion presents
extensive contact with the pulmonary artery and compromises the distal airway. In the
abdominal CT scan from the same date (B) no liver lesions were observed. The
radiologic evaluation made in December 2016, revealed an increase in the size of the
lung lesion (C) (45mm to 48mm) and greater obstruction of the distal airway. In the
same study, abdominal CT scan revealed the appearance of a hepatic lesion (D)
(yellow circle) of 20mm, accounting for progressive disease.

Subsequent CT scan after five cycles of Nivolumab, showed a decrease in the size of
lung mass (E) of 48 mm to 45mm, and increase in size of the hepatic metastatic lesion
(F) (yellow circle) from 20 to 33mm. RECIST 1.1 + 14.7%. (two target lesions). But an

increase of 65% at the liver lesion.

Figure 2A. Histological assessment of lung and liver biopsy. 1, 3, 5, 7, 9, 11, 13, 15,
17 (left column) corresponding to lung biopsy at diagnosis. 2, 4, 6, 8, 10, 12, 14, 16,
18 (right column) corresponding to liver biopsy after five cycles of nivolumab.

1 and 2 H&E staining, 1 - revealed a poorly differentiated squamous carcinoma, and
2.a dense lymphohistiocytic infiltrate surrounding a totally necrotic metastatic tumour.
3 and 4 PD-L1 staining, 100% in tumour cells of lung biopsy and high expression in
macrophages and lymphocytes. 5,6 CD3 staining, (5) 75 lymphocytes/HPF, and (6)
250 lymphocytes/HPF. 7, 8 staining for CD4 marker, (7) 50 lymphocytes/HPF, (8) 140
lymphocytes/HPF. 9, 10 CD8 staining (9) 40 Ilymphocytes/HPF, (10) 160
lymphocytes/HPF. 11, 12 CD103 staining, (11) 15 lymphocytes/HPF, (12) 100
lymphocytes/HPF. 13, 14 CD68 staining (13) 30 lymphocytes/HPF, (14) 100
lymphocytes/HPF. 15, 16 CD56 marker (15) 10 Iymphocytes/HPF, (16) 10
lymphocytes/HPF. 17, 18 PD-1 staining, with 10cells/HPF at lung biopsy and 20
cells/HPF at liver biopsy. 19, 20 CD3 (membrane staining in red) — Ki67 (nucleus
staining in brown) double immunostaining, (19) 2 lymphocytes/HPF, (20) 18
lymphocytes/HPF. Magnification, x400.
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Figure 2B. Representative flow cytometry plot and analysis of liver biopsy, performed
during treatment with PD-1 blockade (Nivolumab). I) Selection of lymphocytes in the
flow cytometry plot. 1) Expression of pan-TCR (a marker that identified the T cell
population). 1) Flow cytometry showing expression of CD4 and CD8 of the pan-TCR
population. IV) Expression of CD103 in the selected CD8 T cell population.
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