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Background. Tofacitinib is a new oral Janus kinase inhibitor that has shown promising clinical benefit in various rheumatologic
diseases. However, many concerns related to the development of malignancies have been reported with its use. Case Presentation.
A 43-year-old female patient received tofacitinib for refractory rheumatoid arthritis (RA). Two years after 5mg bid daily dosing,
the patient developed chronic myelogenous leukemia (CML), for which she received imatinib and tofacitinib was discontinued.
She then remained in remission for rheumatoid arthritis and within the expected milestone outcome for her CML. Conclusion.
(is is the first reported case of CML after the use of tofacitinib. (is event is of particular interest knowing the possible benefits
tofacitinib carries in the treatment of CML demonstrated in a few studies.

1. Introduction

Tofacitinib is an oral Janus kinase (JAK) inhibitor that was
approved in 2012 for moderate to severe active rheumatoid
arthritis (RA), in 2017 for active psoriatic arthritis, and
recently in 2018 for induction and maintenance of moderate
to severe ulcerative colitis [1]. It primarily acts by inhibiting
JAK3 and/or JAK1; subsequently, it leads to the inhibition of
IL-15-induced phosphorylation of STAT5 and IL-6-induced
phosphorylation of STAT1 and STAT3 [2].

(e immune-modulator effect of tofacitinib in such a
relatively new mechanism of action has raised a concern
about adverse events, particularly malignancies [1, 3].

Herein, we report a case of a patient who developed CML
after receiving tofacitinib for rheumatoid arthritis.

2. Case Presentation

A 43-year-old female patient with Hashimoto’s thyroiditis
was diagnosed with seropositive RA (anti-CCP 140, ref
<20) in April 2013 when she presented with bilateral wrist,
PIP, elbow, shoulder, knee, and ankle synovitis. She was

started on prednisone taper at 20mg/day and metho-
trexate 10mg once a week optimized in increments up to
25mg/week, with calcium, vitamin D, and folic acid
supplements. Despite this therapy and despite significant
improvement, there was recurrent, intermittent low-grade
synovitis in both wrists. In mid-2016, X-rays revealed early
erosions in the left ulnar styloid and capitate as well as the
bases of the left second and third metacarpal bones. It was
then decided, in January 2016, to start her on targeted
therapy with tofacitinib 5mg bid. (e patient had rapid
favorable response, and within 3months, she was in
clinical remission. (e dose of methotrexate was pro-
gressively tapered down and stopped by the end of De-
cember 2016. (e patient then remained in remission.
Unfortunately, a routine laboratory test on June 23, 2016,
showed leukocytosis of 27,500. (e hemoglobin count was
11.3, and the platelet count was 610,000. A repeat CBC
5 days later confirmed leukocytosis with a WBC of 32,300
(7% metamyelocytes, 3% myelocytes, and 2% promyelo-
cytes), hemoglobin count of 10.6, and platelet count of
703,000. Tofacitinib was discontinued, and the patient was
referred to hematology/oncology.
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Initial blood work was positive for t(9; 22) BCR-ABL
(p210 b3a2) on FISH analysis. Bone marrow aspirate and
biopsy showed myeloid and megakaryocytic hyperplasia
with 2% blasts and a myeloid-to-erythroid ratio of 10 :1. (e
karyotype showed t(9; 22) detected in all the examined cells.
(e flow cytometry showed that 5-6% of flow events express
early myeloid markers.

(e patient was diagnosed with chronic myelogenous
leukemia (CML), and she was started on imatinib 400mg.
Two weeks later, blood tests showed a WBC of 18,200,
platelet count of 514,000 and hemoglobin count of 9.9 that
later further dropped to 6.5 with significant fatigue.
(erefore, imatinib was decreased to 300mg/day. (ree
months later, the patient remained in clinical remission for
rheumatoid arthritis with hematological remission with
WBC 4,700, Hg 12.5, and platelets 291,000. Her repeat
quantitative PCR for BCR-ABL was 0.86%.

3. Discussion

Various malignancies have been reported after the use of
tofacitinib in previous case reports andmeta-analyses (Table 1).
However, ongoing debate about the higher incidence rate of
cancer after tofacitinib is not confirmed in the real-world,
postmarketing treated population [12].

For instance, in the rheumatoid arthritis clinical de-
velopment program, the incidence rate of malignancies in
patients treated with tofacitinib, excluding nonmelanoma
skin cancer (NMSC), was reported to be 0.85/100 patient-
year (py) (107 out of 5671 patients) in a total tofacitinib
exposure of 12,644 py. (ese include both solid cancers
(lung, breast, and gastric cancer) and hematologic malig-
nancies (lymphoma and T-cell CLL) [3]. Cohen et al. present
a more extended analysis with 6,194 patients included and a
total exposure of 19,406 py (over 8.5 years). (e incidence
rate of malignancies was 0.89/100 py, and they included
lung disorders, breast disorders, and lymphoma/
lymphoproliferative disorders [4]. In both analyses, there
was no association between the dose of tofacitinib and the
risk of malignancy (except for NMSC), and the malignancy
rate remained relatively stable by 6-month intervals.
Similarly, a Japanese long-term extension (LTE) study
reported an incidence rate of 1.2/100 py of malignancies (19
out of 486 patients) that include gastric, breast, ovarian,
colon, lung, fallopian tube, thyroid, and esophageal cancer,
in addition to acute myeloid leukemia (AML), lympho-
proliferative disorders, liposarcoma, and transitional cell
carcinoma [5]. However, a large meta-analysis showed that
there is no statistically significant increase in any type of
malignancies with the use of tofacitinib in patients with RA
[12]. Furthermore, the risk of NMSC, lung cancer, and
lymphoma/lymphoproliferative disorders was previously
reported to be increased in patients with rheumatoid ar-
thritis [13, 14]; therefore, the analysis of cancer develop-
ment in this patient population would be challenging.

On the contrary, the data on cancer development in
psoriatic arthritis patients treated with tofacitinib are more
unclear. For instance, two out of three phase 3 clinical trials
reported malignancies as adverse events. In OPAL Broaden,

3 patients developed solid tumors (excluding NMSC) out of
107 patients (2.8%) taking continuous 5mg bid tofacitinib
for up to 12months [6]. In the ongoing OPAL Balance trial,
after 24months of follow-up, 2 cases of malignancies were
reported among the 680 enrolled patients (0.3%) [7],
whereas in OPAL Beyond, no malignancies were reported
[8].

Likewise, in ulcerative colitis, three phase 3 clinical trials
(OCTAVE Induction 1, OCTAVE Induction 2, and OC-
TAVE Sustain) evaluated the safety and efficacy of tofaci-
tinib in induction and maintenance. No malignancies
(excluding NMSC) were reported in any of these trials, but
an ongoing LTE study revealed 8 cases giving an overall
incidence rate of 0.48/100 py (combining OCTAVE trials
with the LTE study) [9, 10].

In addition, Xie and Ma reported a case of AML 2 years
after the use of tofacitinib for refractory ulcerative colitis
[11], despite a possible increased risk of AML with ulcerative
colitis [15].

Natural killer (NK) cells, in addition to other cytokine
transduction signaling (such as interferon types I and II),
have been shown to have a major inhibitory role in tu-
morigenesis [16]. Tofacitinib has been shown to decrease the
number of NK cells as well as the signaling transduction of
various cytokines [2, 17]. (is might hypothetically be a
mechanism by which tofacitinib can increase the risk of
some malignancies.

From another perspective, various studies have in-
vestigated the role of the JAK/STAT pathway in the path-
ophysiology of CML [18, 19]; BCR-ABL activates several
signaling pathways such as PI3K, RAF, ERK, MEK, and JAK.
(e latter transduces signals via STAT and plays essential
roles in cell proliferation and differentiation in leukemia
[18]. In addition, few in vitro studies have shown that the use
of JAK inhibitors with or without imatinib on CML cell lines
had a modest positive outcome with JAK2/JAK3 inhibitors
alone and a marked effect when combined (synergic effect).
(is suggests that targeting JAK may carry a potential
therapeutic option for CML [18–21]. (ese findings led to
the integration of JAK inhibitors in recent recruiting/
ongoing clinical trials for treatment of CML (see Web
References [22] and [23]).

To our knowledge, this is the first reported case of CML
that occurred 2 years after tofacitinib use at 5mg bid in a
patient with rheumatoid arthritis. It is difficult to tell
whether our patient developed a de novo CML or she already
had acquired the BCR-ABL translocation during her
treatment for rheumatoid arthritis which was possibly “si-
lenced” by inhibiting the JAK3 pathway with tofacitinib.
Moreover, a solid cause-effect relationship between the use
of tofacitinib and the development of CML cannot be
established. However, by discontinuing tofacitinib and
treating her with imatinib, the patient has been so far in
remission for her rheumatoid arthritis and within the ex-
pected milestone outcome for her CML.

Whether imatinib contributed to the maintenance of her
rheumatoid arthritis in remission or not is not known. An
extensive mutational workup and studying the effect of
reintroduction of tofacitinib in case of relapse of either
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rheumatoid arthritis or CML would be interesting to per-
form in this case.

4. Conclusion

Despite the potential benefits of tofacitinib in the treatment
of CML, we illustrated a unique case of CML that developed
after its use for RA. It may represent a potential side effect
that may be added to the list of malignancies associated with
this drug. In contrast, the response of both RA and CML to
imatinib shed the light on the interrelation of pathways
between RA and CML and may be the subject of many
interesting studies.

Abbreviations

JAK: Janus kinase
RA: Rheumatoid arthritis
CML: Chronic myelogenous leukemia
AML: Acute myelogenous leukemia
NMSC: Nonmelanoma skin cancer
LTE: Long-term extension.

Additional Points

Clinical Practice. Many solid and hematologic malignancies
have been reported after the use of tofacitinib. Our first-time
reported case of CML is of special interest: (i) It is the first
malignancy type that has a direct pathway relation with the
drug’s targets. (ii) (e drug itself has potential benefits in
treatment of CML. (iii) We are not sure if the drug delayed
or potentiated the development of CML. (iv) Treatment of
CML with imatinib led to good response to both RA and
CML. (ese observations raise many questions that can be
addressed in the future: (i) What is the mutational status of
patients receiving JAK3 inhibitors who develop CML? (ii)
Do JAK inhibitors really work in CML? (iii) What is the
effect of reintroducing JAK3 inhibitors in patients with
relapsed CML who previously received JAK inhibitors? (iv)
Does imatinib play a role in rheumatoid arthritis?

Conflicts of Interest

(e authors declare that they have no conflicts of interest.

Acknowledgments

We are grateful to the medical record team at Saint George
Hospital University Medical Center, Beirut, Lebanon, who
provided us with all the necessary documents to complete
the case. We also appreciate Dr. Omar Zmerli for medical
writing assistance.

References

[1] XELJANZ (tofacitinib) [package insert on the internet] Pfizer
Inc., New York, NY, USA, November 2018, https://www.
accessdata.fda.gov/drugsatfda_docs/label/2018/203214s018lbl.
pdf.

[2] J. A. Hodge, T. T. Kawabata, S. Krishnaswami et al., “(e
mechanism of action of tofacitinib—an oral Janus kinase
inhibitor for the treatment of rheumatoid arthritis,” Clinical
and Experimental Rheumatology, vol. 34, no. 2, pp. 318–328,
2016.

[3] J. R. Curtis, E. B. Lee, I. V. Kaplan et al., “Tofacitinib, an oral
Janus kinase inhibitor: analysis of malignancies across the
rheumatoid arthritis clinical development programme,” An-
nals of the Rheumatic Diseases, vol. 75, no. 5, pp. 831–841,
2016.

[4] S. B. Cohen, Y. Tanaka, X. Mariette et al., “Long-term safety of
tofacitinib for the treatment of rheumatoid arthritis up to 8.5
years: integrated analysis of data from the global clinical
trials,” Annals of the Rheumatic Diseases, vol. 76, no. 7,
pp. 1253–1262, 2017.

[5] H. Yamanaka, Y. Tanaka, T. Takeuchi et al., “Tofacitinib, an
oral Janus kinase inhibitor, as monotherapy or with back-
ground methotrexate, in Japanese patients with rheumatoid
arthritis: an open-label, long-term extension study,” Arthritis
Research & .erapy, vol. 18, no. 1, pp. 1–12, 2016.

[6] P. Mease, S. Hall, O. FitzGerald et al., “Tofacitinib or adali-
mumab versus placebo for psoriatic arthritis,” New England
Journal of Medicine, vol. 377, no. 16, pp. 1537–1550, 2017.

Table 1: Reported cases of malignancies with the use of tofacitinib.

Reported malignancies (excluding NMSC) Malignancy crude IR Malignancy IR/100 py
Rheumatoid arthritis
Curtis et al. [3] Lung, breast, and gastric lymphoma and T-cell CLL 1.88 0.85

Cohen et al. [4] Lung disorders, breast disorders, and lymphoma/
lymphoproliferative disorders 2.79 0.89

Yamanaka et al. [5]

Gastric, breast, ovarian, colon, lung, fallopian tube,
thyroid, esophageal, and lymphoproliferative

disorders, acute myeloid leukemia, liposarcoma, and
transitional cell carcinoma

3.9 1.2

Psoriatic arthritis

OPAL trials [6–8]∗ Breast carcinoma, transitional cell carcinoma, and
vulvar squamous cell carcinoma 2.8 (OPAL Broaden) 2.8 (OPAL Broaden)

0.3 (OPAL Balance) — (OPAL Balance)
Ulcerative colitis
OCTAVE trials + LTE [9, 10]∗∗ — 0.48 —
Xie and Ma [11] Acute myeloid leukemia — —
∗(e cancer types mentioned were only reported in OPAL Broaden. In the ongoing OPAL Balance, there was no specification of the cancer types. ∗∗In the
ongoing LTE study (NCT014770612), there was no specification of the cancer types.

Case Reports in Rheumatology 3

https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/203214s018lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/203214s018lbl.pdf
https://www.accessdata.fda.gov/drugsatfda_docs/label/2018/203214s018lbl.pdf


[7] T.-S. Wang and T.-F. Tsai, “Tofacitinib in psoriatic arthritis,”
Immunotherapy, vol. 9, no. 14, pp. 1153–1163, 2017.

[8] D. Gladman, W. Rigby, V. F. Azevedo et al., “Tofacitinib for
psoriatic arthritis in patients with an inadequate response to
TNF inhibitors,” New England Journal of Medicine, vol. 377,
no. 16, pp. 1525–1536, 2017.

[9] W. J. Sandborn, C. Su, B. E. Sands et al., “Tofacitinib as in-
duction and maintenance therapy for ulcerative colitis,” New
England Journal of Medicine, vol. 376, no. 18, pp. 1723–1736,
2017.

[10] G. R. Lichtenstein, M. A. Ciorba, G. Rogler et al.,
“Sa1763—tofacitinib for the treatment of ulcerative colitis:
analysis of malignancy rates from the octave clinical pro-
gram,” Gastroenterology, vol. 154, no. 6, pp. S-385-386, 2018.

[11] M. Xie and H. Ma, “Acute myeloid leukemia in a patient
receiving phase iii clinical trial of tofacitinib ( xeljanz ) therapy
for ulcerative colitis: a case study with literature review,”
International Journal of Current Medical Sciences, vol. 6,
no. 11, pp. 185–187, 2016.

[12] J. R. Maneiro, A. Souto, and J. J. Gomez-Reino, “Risks of
malignancies related to tofacitinib and biological drugs in
rheumatoid arthritis: systematic review, meta-analysis, and
network meta-analysis,” Seminars in Arthritis and Rheuma-
tism, vol. 47, no. 2, pp. 149–156, 2017.

[13] K. M. Wilton and E. L. Matteson, “Malignancy incidence,
management, and prevention in patients with rheumatoid
arthritis,” Rheumatology and .erapy, vol. 4, no. 2, pp. 333–
347, 2017.

[14] L. Mellemkjær, M. S. Linet, G. Gridley, M. Frisch, H. Møller,
and J. H. Olsen, “Rheumatoid arthritis and cancer risk,”
European Journal of Cancer, vol. 32, no. 10, pp. 1753–1757,
1996.

[15] J. Askling, L. Brandt, A. Lapidus et al., “Risk of haematopoietic
cancer in patients with inflammatory bowel disease,” Gut,
vol. 54, no. 5, pp. 617–622, 2005.

[16] R. D. Schreiber, L. J. Old, and M. J. Smyth, “Cancer
Immunoediting: integrating suppression and promotion,”
Science, vol. 331, no. 6024, pp. 1565–1571, 2011.

[17] M. Harigai, “Growing evidence of the safety of JAK inhibitors
in patients with rheumatoid arthritis,” Rheumatology, vol. 58,
no. 1, pp. 34–42, 2019.

[18] K. Yagi, A. Shimada, and T. Sendo, “Pharmacological in-
hibition of JAK3 enhances the antitumor activity of imatinib
in human chronic myeloid leukemia,” European Journal of
Pharmacology, vol. 825, pp. 28–33, 2018.

[19] A. Samanta, B. Perazzona, S. Chakraborty et al., “Janus kinase
2 regulates Bcr-Abl signaling in chronic myeloid leukemia,”
Leukemia, vol. 25, no. 3, pp. 463–472, 2011.

[20] P. Valent, “Targeting the JAK2-STAT5 pathway in CML,”
Blood, vol. 124, no. 9, pp. 1386–1388, 2014.

[21] M. Massimino, S. Stella, E. Tirrò et al., “Non ABL-directed
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